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EXECUTIVE SUMMARY.

A three-dirnensional mathematical model of a seat, occupant(s), and restraint system has been
developed for use in aircrafi crashworthiness analysis. Programs SOM-LA (Seat/Occupant Model
- Light Aircraft) and SOM-TA (Seat/Occupanrt Model - Transport Aircraft) combine a lumped
parameter mode! of aircralt occupants with a finite element model of the seat structure. SOM-LA
maodels 2 single occupant, whereas SOM-TA has the capability to model up to three passengers.
The intent of these programs is to aid :n evaluation of the performance of aircraft seats and restraint
systems in crash environments. Because the programs have been writien for use primarily by
engineers concerned with the design and analysis of seats and restraint systems, an effort has been
made to minimize the input that is required to describe the occupants. Characteristics of two
standard occupants, one dummy and one human, are included within the program, and an option is
provided to simulate other occupants by providing additional input data. The structural model
includes beam elements and has a maximum capacity of approximately 450 degrees of freedom, as
determined by array dimensions within the programs. The beam elements can accommodate large
plastic deformations and include the capability for cross section reduction due to local instabilities.
Four different cases are described, and a listing of input data is provided for ¢ach. These examples
are (1) a simple three-passenger airline seat model with three occupants, (2) a single-occupant
general aviation seat with a more complex structural configuration than that of the first example, (3)
an energy-absorbing helicopter seat, and (4) a case in which two seat rows are modeled, in order to
demonstrate the effects of passenger impact on the seat backs in front of them.

A line-by-line description of input data is provided in an appendix. Another apperdix includes
examples of input data for nonstandard occupants, several cushion materials, and a number of
siructural alloys. Program organization is described in detail, as are the functinns of all
subroutines. A complete set of output data for one of the examples is also included.

Details of the mathemaiical models and solution algorithms for the SOM-LA progream were
reported in DOT/FAA/CT-R2/33-1 (March '983) and for the SOM-TA program, in DOT/FAA/CT-
86/25-1 (*ugust 1986). The program documentation was originally presented as a second volume
of each of the above reports (DOT/FAA/CT-82/33-11 and DOT/FAA/CT-86/25-11). Due to
program modifications, those separate manuals (the second volumes) are now superseded by this
single document.




1.0 INTROQRUCTION

Proprams SOM-TA (Seat/Occupant Model - Transport Aircraft) and SOM-LA (Seat/Occupant
~vodel - Light Aircraft) combine a lumped parameter model of ¢ *craft occupants with a finite
clement model of the seat structure. SOM-LA models a single occup. nt, whereas SOM-TA has the
capability to mode! up to three passengers. The intent of these programs is to aid in evaluation of
the performance of aircraft seat and restraint systems in crash environments, Because the
programs have been written for use primarily by engineers concemed with the design and analysis
of seats and restraint systems, an effort has been made to minimize the input that is required to
describe the occupants. The program allows simulation of one, two, or three passengers, of the
same or different sizes. Characteristics of two standard occupants, one dummy and one human,
are tnciuded within the program, and an option is provided to simulate other occupants by
providing additional input data. The structural mode! includes beam elernents and has a maximum
capacity of approximately 450 degrees of freedom, as determined by array dimensions within the
program. The beam elements can accominodate large plastic deformations and include the
capability for cross-section reduction due to loal instabilities. As an option to reduce both
modsling complexity and © recution costs {or cases where only the restyaint system or cabin
cunfiguration is of concern, or for cases where the (:aiis of the seat design may not yet be known,
¢ rigid seat model, in which scat pan and back planes defined by input are maintained in fixed
positions in the aircraft, is available. Details of the mathematic: | models, validation pregrams, and
sclution procedures are cositained in Reference 1 for SOM-iLA and Reference 2 for SOM-TA.
Input instructions for the SOM-LA and SOM-TA computer programs were originaily preserited in
References 3 and 4, respectively, which this report now replaces.

The following sections of this report present instructions necessary for the use of Programs SOM-
TA and SOM-LA, and information to enable the user to operate the program most efficiently.

Sections 2.0 and 3.0 describe program input and output, respectively, including options available
to the user. Section 4.0 outlines an efficient procedure for development of a mathematical model.
Section 5.1 then provides detailed descriptions of sample input cases. Appendix A defines all
input variables, line by line. Appendix B provides exampies of material properiies and occupant
characteristics required as input daia. Appendix C describes program organization and the
functions of al! subroutines. Appendi: I displays the complete set of output data for the example
described in Sectioa 5.1 and Appendix A,




2.0 PROGRAM INPUT DATA

Input data are read in the following six blocks:

l. Simulation and output control information
2. Cushion properties

3. Restraint system description

4. Crash conditions

5. Occupant description

6. Seat design information.

All input dara, except those pertaining to the seat (Block 6), are read by subroutine INPT; the seat
data are read by subroutines SEATIN, BGEOM, CABIN  and READIN.

The coordinate system that 1s fixed to the aircraft at the floer has the following positive directions:

X - Forward
Y - Lett

r

Z - Upward

The basic input data deck consists of a minimum of 26 lines of data for execution of Program
SOM-LA/SOM-TA with one passenger. These are described in detail in Appendix A The basic
case makes use of a rigid seat model, specified by NSEAT = 0 on Line 3. Modeling an actual seat
with the finite element analysis would require a number of additional lines, beginning with Line
27. Requesting the storage of plot data on external files, unit 14 for the occupant and unit 20 for
the seat, by setting NOPL'T > 0 on Line 4 or NSPL'T > 0 on Line 27, requires additional lines to
describe the plots. Modeling nonstandard occupant(s) requires an additional 12 data hines tor cach
occupant, after Line 220 1f the seat row in front of the passenger(s) is 1o be modeled, st additional
ines of data must be added at the end of the input deck.

The tollowing sections o this chapter present desenptions of each of the six input data blocks,
maiuding more detinled detinitions of the above opuons. Line by hine desceiptions of input data
tor an exnmple are presented m Appendix A

D SIMULATION AND QUIPUT CONTROL INFORMATION

o mystems of Unils. The NUNTT paramcter on Line 3 pernits the user to specity either ihe S
or Foglish system of unus tor bothnpat ana output data Foghsh unns sive presented throughout
the mput mstractions i this report and aie used i the sample mput cases. Inthe ST svstenmy of
coats, atblepgrhsare speaified i meters, masses 1w kdograms, and torees or weighis in newtons,

LT Seat Opieny The NSEAT paramercs on Fane 3 allow s the user tooselect either anid sea
model o a boae elementseat model The mgad seat mode Eeonsists of 1o planes diat represent the
seat panand seat back  The posinons of dicse planes are specitiea by the N wnd /2 coondimages of
thermrersectien g Ltered Tined and cvo angles whech specity thee positions reltnve 1o horrontl
andovertioal planes respeo ey The feneth of the sear pan andd the here e of the seat back ae e
o deternare the Ty ot the saebaces withon which the seat panand back can applhy torces w the
Cocupitot s Casbions ot pat specihiod thich nessencare saciaded cns op ot the e poe and e

.
Do h sustaces




The type of seat (single-, double-, or iriple-occupant) is specified on Line 3, along with
identification of the pesitions that are occupied.

2.1.3 Gegupant Recmes of Freedory. The NDIM parameter on Line 3 permiits selection of cither
two- (NDIM = 2) or three-dimensional (NDIM = 3) occupant response. The three-dimensional
occupant model consists of 12 rigid segments, illustrated in Figure 1, with rotatianal springs and
dampers at the joints. Each of the torso joints possesses three rotational degrees of freedom, or, in
oiher words, is a ball-and-socket type joint. Because of the hinge-type motion at elbow and knee
jnints, the position of a forearm or lower leg relative to an upper arm or thigh, respectively, is
described by one additional angular coordinate. In total, this occupant model possesses 29 degrees
of freedom.

An alternative occupant model, which is restricted to plane motion, is specified by NDIM = 2 on
Line 3; it consists of 11 segments, as shown in Figure 2. Beam elements in the torso and neck are
capable of flexural and axial deformation. Although restricted to two-dimensional response, this
cccupant option does permit more direct evaluation of accident severity by output of forces and
momenis in the spine and neck. Restraint system forces on the ellipsnidal contact surfaces are
computed three-dimensionally, but only the X- and Z-components are used. Therefore, the plane-
motion model should be reserved for cases in which both the impact conditions and the restraint
system are symmetrical with respect to the X-Z plane.

2.1.4 Qutput Control Data. Ten blocks of program output can be selected on Line 4. The data
include time histories of the following variables, which are stored during solution at predetermined
print intervais:
1. Occupant segment positions (X, Y, Z, pitch and roil)*

Qccupant segiment velocities (X, Y, and Z)

QOccupant segment accelerations (x, y, z, and resultanis)*

2
3
4. Restraint system loads
5

Cushion loads
0. Aircraft displacement, velocity, and acceleration
7. Injury criteria, inciuding spinal forces and momerits
0. Details of contact between the occupants and the seat or interior surfaces in front of them
2. Scat structure nedal displacemients and forces

10. Seat structure element stresses.

*Upper case X, Y, Z refer (o Inertial or aircaft-fixed coondinate system; Jower case <,y v refer to segment fixed
coondinales,
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Figure 1. Twelve-segment (general three-dimensional) occupant model.

Printer plots are provided for occupant segment accelerations, restraint system joads, and cushion
loads. The option of two different filters is also vrovided tor the ocenpant segment accelerations
and cushion loads. The particular occupant for which output data are displayed is specified in
Line 4.

If pluts are reqguesied for the oceny e and/or seat on Line 4, then additional Tines s be included
th specity plot times (up to eighty and viewing angles. As explained in the line by-Tine wput data
deseripuons, if plots are requested, the job control language mustdefine external tles 4 and 2o
he saved for postprocessing.

}

Program oatput data are deserbed turther i Chapter 3
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Figure 2. Eleven-segment {planc-morion) occupant madel.

2.1.5 Solution Control Pata. The occupant rodel utilizes an Adams-Moulion predictor-corrector
solution proceddure with g variable step size. Data on Line 5 control the step size and error bounds
for the solution, an well as the duration of the sinulanon.

2.7 SEQUNDARY MPACUT/SEAT BACK QONTACT

cight plane surfaces dlustrated m Figere 3mnst be deficed by input of locations and dinoensionns of
the seat back, tray table, and arpnrests and ol force deflection tunctions for these sutfaces, During
execution of the progran, the distance hetween cach of these surraees and the 26 body contact
chipsonds s caleadared, A distance kess thare ceroindcites penetrason of aosartace; a contt foree
B compted trom thas peeeiraton and applicd arvhe appropriae posts on the body and the seat

Hocoarzet between the passeagers and the searw Tronn of them s we be sumulated by SOM TA L the




Actund transport atreraft seats have backs that are hinged to rotate forward if pushed from belind
The SOM-TA program permits the seat back 1o rotate hnrv“ud ahout @ ransverse hinge axis at the
base of the back. Should an occupant strike any of the seat back surfaces, the moment of the
impact force with respect to the hinge axis is computed as thc aroduct of the normal component of
the force mu]lnplud by the distance from e axis o the contact point. The applied moment is
compared with the resisting moment, and, if the net moment is greater than zero, seat back angular

acceleration o s calculsted according w©

AM o My - Mpog = Ty~ (1)
where, Muyp = the moment applied to the seat back by the occupant,
R 3 = the resisting moment of the seat back, and
iy = the moment of inertia of the seat back about a transverse (Y-)

axis at the hinge point.

Th= resisting mornent M, depends on the cuirent angular displaceinent of the seat back from its
initial position and is calculated by interpolation in a table of input moments and displacements
which produce the function shown in Figure 4. Loading along the initial slope up to point 2 is
elastic, so that if a slight "bump" were to occur, causing an angwmar displacement less than
DDBQ(Z), the seat back would return to iis initial position after removal of the load. Once

DLBO(Z) has been exceeded, the resisting moment remains cor.stant at the "breakover” moment
FFBO(2) up to a displacement DDBO(2). Beyond DDBO(2), the resisting moment increases
rapidly, simulating a mechanical stop.

Use of the seat back contact features is specified by input of IOUT{4) > 0 on Line 4. Six
additiona! input lines are then required following Line 26. The input format is described in
Appendix A3.

2.3 CUSHION PROPERTIHS

Seat cushion forces applied to the occupant model ars calculated from cushion deflections based on
an exponential relationship:

R& 1 (2)

= (e
Lines 8 through 10 require input of the C and B coefficients for this equation, along with damping
cocfficients and thicknesses. The force-deflection retadonship for the scat cushion also includes
compliarce of the occupant buttocks. Therelore, the relationship for an occupant siting directly on
v hard seat pan would be the force-detlection corve tor the occunant buttocks. Scveral sample
force-deflection curves with their appropriate coefficients are provided in Appendix B,

24 RESTRAINT SYSTEM DESCRIPTION

Several restramt system eonfigurations are avalable in SOMCTA/SOM-LA: Lap belc only, Jap with

driponal shoulder beit over enther shuuhia 1, and doable shoulder belt with or withouat o lap belt

ticdown strap. As speciiicd on Lane 3, both the Tap belt and shoulder harness can be attached o
they the aarlroome or the seai.

The toree deflection chiraverstes of the restraint sysweny webbing wee provided by input of tables
of Torces and sirans. Propettios of re pu sentaive restiinnt webbing tvpes are ancluded o
Appendin B
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Figure 3. Seat back contact surfaces.

[DDBG(4), FFBO(4)} 4

(DDBO(3), FFBO(3)]

[DDBO(2), FFBO{2)]

Angular Displacement, D

Figure 4. Seat back resisting moment function,
¢ :




For a seat with a shoulder harness in which an inertia reel is mounted on the seat back and a length
of inertia reel strap is passed along the seat back to a slot above the occupant shoulders, the
XTRAL parameter on Line 14 defines the length of the shoulder strap behind the seat back.

2.5 IMPACT CONDITIONS

Six compornents of the acceleration of the aircraft coordinate systen are provided on NIMPT Lines
beginning with 21A: time, X, Y, Z, yaw, pitch, and roll. Acceleration components are directed in
the aircraft-fixed coordinate system.

2.6 QCCUPANT DESCRIPTION

The IMAN parameter on Line 3 identifies the type of occupant being simulated. Initial positions
for each passenger are specified by data on Line 22. Data for the standard occupants, a 50th-
percentile U.S. male and a 50th-percentile (Part 572) anthropomorphic dummy, are included
within the program. For nonstandard occupants, additional data may be provided (for each
occupant) following Line 22 to define segment lengths, center of mass locations, weights,
moments of inertia, contact surface radii, properties for the spine and neck, and compliances for
the chest and abdomen under restraint system loading. Examples of these data are included in

Appendix B.
2.7 SEAT DESIGN INFORMATION

2.7.1 Rigid Seat Option. For cases where the details of seat response are not important or not
worth the greater execution costs that would be incurred by the use of the finite element structural
model, a rigid seat option is provided. Plane surfaces representing the seat pan and seat back
support the cushions and remain fixed in the aircraft coordinate system, except where the energy-
absorbing option is used.

2.7.2 Simplificd Energy-Absorbi ; ion. If the SEATM parameter on Line 24 is greater
than 0, a simplified, two-degree-of freedom seat model is used. Intended for use in simulation of
a guided energy-absorbing seat, this model permits the stroxing of a rigid sear bucket in a
prescribed direction. Because elastic bending of the supporting frame has been observed in testing
of such seats and may influence occupant response, the second degree of freedom is added to
simulate rotational elasticity of the frame.

Although the finite element analysis can provide a complete evaluation of a seat's crashworthy
performance, the simple stroking seat model can prove useful in other aspects of seat design. For
example, the two-degree-of-freedom model can aid in economically estimating the optimum energy
absorber Lt load for protection of occupants ot various size, as well as in evaluating alternative
restraint system cenfigurations.

Input data for this seat model include the weight of the movable part of the scat, the direction along
which it will stroke, the mass moment of mertia with respect 1o a lateral axis, force-deflection
characteristics, and unloading slopes.

2008 Bnge Flement Strugtural Analysis. The fintte element seat model contained o Program
SOMLA/SOM-TA uses beam elements. The beam elements can accommodate large, plastic
detormanons and localized buckling of clements with holiow cross sections. The program has a
capacity tor 75 nodes and 450 degrees of freedom. However, aimore severe restriction 1s phaced
on the size, Noob the master stffness matrix, given by:

NoOOMEQ s MUD S22 MEQ - MUD - 12 (3




where MUD is the length of the maximum nupper diagonal of the banded stiffness matrix given by:
MUD=6*J+1)-1 4

MEQ equals the total number of degrees of freedom and J equals the maximum difference between
node numbers across elemenis in the model, as illustrated in Section 4.0.

As determined by array dimensions in Program SOM-LA/SOM-TA, the quantity N is limited to
16,000.

The finite element seat model uses an unconditionally stable solution algorithmn. However, stabiiity
does not necessarily imply convergence to the correct solution, and solution accuracy will depend
on the size of the time step, a smaller time step yielding more accurate results. Because the seat
step size is governed by that for the occupant model, reducing DMAX and DMIN on Line 5 will
produce a mere accurate solution. However, little improvement can be expected in reducing the
seat step size below that normally required for stability in the occupant solution.

Material properties, ir.cluding a three-slope approximation to the stress-strain curve, are provided
on Lines 33-35, which must be repeated for each material used. (The number of materials is
specified as NUMAT on Line 27.) To assist in input of material properties, summaries of input
data for metals typically used in seat frames are presented in Appendix B.

Beam cross-sections can be either open or closed, but a plastic problem requires a closed cross-
section to generate all the terms required by the tangent stiffness matrix. If plastic deformation of
an open "I" is anticipated, the cross-section can be modeled as a closed "box" beam, which is
equivalent for one bending direction, provided that the erroneous properties for other bending
directions can be tolerated.

The NUUMDS parameter on Line 27 specifies the number of nodes that are attached to the aircraft
structure. Then, floor attachment conditions are specified on Line 43, one of which must be
inserted for each of the NUMDS nodes. Element cross-sections are described by data on Lines 36
and 37, which must be repeated for each cross-section, the number of which is specified by
NSECT on Line 27.

Nodal coordinates are provided on Line 38, which is repeated for each node in the model
(NUMNP on Line 27) and for each beam pointer node (NCORD on Line 27). As illustrated in
Appendix A, the poiater node is required to specify the initial orientation of the y-axis of a beam
cross-section. A real node can be used as a pointer node, or (NCORD) additional nodes can be
added solely to serve as pointers.

Element data are provided on Line 39, which must be repeated for each element (NUMEL on

Line 27). Data for each element include identification of its end noedes, the pointer node that is
used to orient the cross section, the cross section, the material, and end release conditions.

9




3.0 PROGRAM QUTPUT DATA

Output data are available from the following four sources:
1. Printer (uniu 6)

Occupant position plots (unit 14)

Seat structure plots (unit 20)

LS T b

Plots of other data (unit 26)

which are described further in the following sections.

3.1 PRINTED QUTPUT

Printed data can be selected from the ten blocks listed in Section 2.1.4. The interval at which these
data are printed is selected in subroutine INPT, based on the total solution time. The interval is
sized to provide a maximum of 51 lines (approximately one page) for each variable. For example,
a solution time between 0.100 and 0.150 sec results in a print interval of 0.003 sec, a solution time
between 0.250 and 0.300 sec, an interval of (0.006 sec, etc.

Accelerations, severity indices, vertebral forces and moments, and restraint svstem forces are
printed in tabular and graphical formats. Other data are provided in tabular form only.
Acceleration output data are computed each 0.001 sec, equivalent to a 1 KHz sampling rate. Input
Line 4 provides the option of applying a Class 180 (300 Hz) or Class 60 (100 H») filter to the data
prior to their printing.

3.2 QCCUPANT POSITION PLOTS

If specified in input Line 4, data for up to eight plots of occupant posi‘ion can be stored on external
file 14. The times for these plots are defined on input Line 7, along with viewing angles, which
are illustrated in Figure 5. The right-side view of Figure 6 was obtained using an angle of zero
degrees. The front view of Figure 7 was obtained using an angle of 9 degrees.

The 10UT(4) parameter on Line 4 can be used to draw the image of the seat in front of that being
modeled. A value of 0 causes no seat to be drawn. A value of i or 2, respectively, produces a
plot of the forward seat in its undeformed or deformed position ¢nd uses subrouting IMPACT for
prediction of contact with the forward seat. The seat irnage is spaced according to the SPITCH

parameter (Line 49).

The job control language used in executing SOM-LA/SOM-TA must define external file 14 as a
permanent file 1o be saved. The occuapant plotting program can then be executed using this same
permancnt file as input.

3.3 SEAT STRUCTURE PLOTS

Just as described in Section 3.2 for occupant position, data for plots of the seat structure can be
requested on Line 27. As shown in Figure 8, nodes are indicated and numwhered. The viewer
position for the seat structure is defined by beth elevation and azimuth angles, @ and ¢,
respectively, as shown in Figure 9. The view of Figure 8 was obtained with @ = 20 degrees and ¢

= 45 degrees.




Y (loft)

®

) -——"'""“-—-:—// D"
X (forward)
—————
o ¢ g—
Viewing angle = o
Viewing
Positicn

Figure 5. Definition of plot viewing angle.

The job control language musi save exicrnal file 20 for subsequent use as input to the seat plotting
prograni.

3.4 ADDITIONAL DATA FOR PLOTTING

Although the printer plots of accelerations and forces are probably satisfactory output for most
purposes, there may be cases where plots with a higher level of resolution are desired. Also, pen-
drawn piots may be required for use in reports. To meet these needs, 32 variables are written on
external file 26 at 0.001-sec intervals. The data are written in etuner F10.3 or F10.5 format and are
arranged as illustrated in Figure 10.




PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.0000 SEC.

-
N 7
bigure 6. Sample case occupant ptot {(side view) at time = O see. Q




PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT

TIME = 0.0000 SEC.

Figure 7. Sample case occupant pios (front view) at time U sed




PRCGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.0000 SEC.

Bigare 8 Sample case seat plotat time - 9 sec
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§ = Azimuth angle in X-Y plane in degrees (-180° < § < +180°)
d = Elevation angie in degraes (-40°< ¢ < +90°)
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10
11
12
13
14
15
16

3 17
18
19
20
21
22
23
24

4 25
16
27
28
29
30
31
12

Format

F10.5
F10.5
F10.5
F10.5
F10.5
F10.5
F10.5
F10.5

F10.5
510.5
F10.5
F10.5
F10.5
F10.5
F10.5
F10.3

F10 5
F10.5
F10.5
F10.3
F10.3
F10.3
1103
1103

m— e By byt e oot
— e — o o b bt
— g g o~ —
- LT
P VRS R VRSV )

Variatle

Time (sec)

Aircraft X-accei ((3)
Aircraft Z-accel (G)
Aircraft res. accel (G)
Aircraft res. ver. {(ft/sec)
Aircraft res. dispi. (in.)
Seat X-accel ()

Seat Z-accel (G)

Head x-accel (G)
Head z-accel ()
Head res. accel (G)
Chest x-accel (G)
Chest z-accel (G)
Chest res. accel (G)
DRI

Seat cushion force (Ib)

Peivis x-accel ()

Pelvis z-accel (G)

Pelvis res. accel {(3)
L.umbar axial load (1b)
Lumbar y-moment (in.-1b)
Neck axial load (I1b)

Neck y-moment (in.-1h)
Back cushion force (Ib)

Right Lap belt force (Ib)

Lett Lap beli force (Ib)

Right shoulder belt force (1h)
1 eft shoulder belt force Gh*
Energy absorber toree (Ib)
Seat displacement {(in.)
Footrest X-foree (I
tootrest Z-force (1)

*Replaced by seat angular displacement (deg) tor energy absorbing seat model twith NSEAT = O and SEATA «ih,

Frgure 100 Data tormuat for external nile 26




4.0 INSTRUCTIONS FOR INPUT DATA PREPARATION

This chapter is intended to guide program users through an efficient process of preparing input
data. The recommended procedure is summarized in Table 1. Itis suggested that, if time permits,
one or more of the sample cases described in detail in Chapter 5 be run initially in orcer to be
certain that the program runs properly on a particular computer system. Storage of piot data on
permanent files and subsequent access of these files using the related occupant and seat plot
programs should be attempted first with the sample cases to assure that the plottinig programs are
compaiible with the computer system and that the job control language is structured properiy.

TABLE 1. SUMMARY OF INPUT DATA

On sketch of seat, locate aircraft floor and coordinate systemt.

P

Locate restraint system anchor points.

Locate footrest and/or heel position (at Z = 0).

Estimate initial position angles for occupant upper torso, head, and arms.
Prepare input data for and run rigid seat case fdf short time.

Plot occupant initial position and check whether it appears reasonable.
Add seat siructure input after Line 26.

Run short case with complete input data.

Check plot of seat structure at initial time.

10.  Run complete case.

The essentiai starting point for any simulation case 1s a skeich of the seat of interest, on which the
aircraft floor and aircraft coordinate axes can be located. On this sketch, the restraint system
anchor points, which can be fixed to either the seat or the airevaft structure, can be located, as can
the position of a footrest or pedal, if applicable. The required scat design data for a rigid scat case,
1.e., the locations and dimensions of the seat pan and back, can then be determined. Both the seat
cushion and back cushion are assumed to be plane surfaces paraliel to the seat pan and back
surfaces. Using an average cushion thickness in the area of contact between the occupant and the
seat, the cushion surfaces can now be added to the skewch.

Latial angular positions of the torso, head, and arm sepments are required. The torso segments
can be assumed parallel to, or one or two degrees forward of, the seat back. The position of the
head, in @ normal seated position, would range from vertical to several degrees froward of vertical,
as lustrated in the Section 5.0 sample cases,

in order to be certain that the occupant mitial positon is reasonable tor the configuration being
studied, 1t 15 wise to run a short rigid seat case prior to adding the seat structure input. Starting
w.th o small vatee of final ume, TE on Line 5, such av 0910 see, the inial posttion and
accelerattons of the occupant SCLMens nu' the external forces can be checked prior to mitating
fonger, perbiaps more expensive case. The plot dada saved onunit 11 by SOM TA can then be

input to the occupant plot program and the mGal posnon of all the occupant segrments reviewed.




If the occupant's initial position, as calculated by subroutine INITIL, is geometrically impossible,
the program will be stopped and informative messages printed. An example of this type of error,
commonly encountered in initially running a case, is in attempting to locate the heel position
beyond the reach of the legs. If the input parameters yield a geometrically feasible initial position
and NOPLT > 0 on Line 4 and TOPLT = 0 on Line 7, then data for a plot of the initial position will
be stored.

Once the desired initial position has been achieved for the occupant, the input data for the finite
element seat structure model caic be added. The NSEAT parameter on Line 3 should then be
changed from O to 1 to signify modeling a nonrigid seat. Once again, prior to running a complete
simulatior;, a case with a small TF should probably be run in order to check the seat structure plot

at the initial time.

When it has been determined that both the occupant initial position and the seat structure
configuration are as desired, a complete simulation case can be run.




3.0 SAMELE SIMULATION CASES

This section contains descriptions of input data for sample simulation cases. A simple airline seat
model with three occupants is used to illustrate program capabilities, including the preparation of
input data and output Gata available from the program.

A complete Jine-by-line input data listing is discussed in Section 5.1. The contents of Apvendix A
show explicit input requirernenis for this case. Particular features of different cases are discussed
in Sections 5.2 - 5.4.

5.1 SAMPLE CASE NO. 1 THREE-PASSENGER SEAT (DETAILED LISTING IN
APPENDIX A)

sy 1-2: Descriptive titles.

Line 3: NIDIM = 2 for plane-motion simulation, IMAN = [ for a standard 50th-
percentile (Part 572) dummy; NSEAT = 1 for use of finite element seat model;
IREYS = 0 for lap-beit-only restraint system configuration; IBUKL = () (used
to identify the nature of shoulder belt attachmen to the lap belt if IRSYS > 0);
{A.BLT =1 for lap belt attachment to seat; ISHNS = 0 (used to specify whether
shoulder harness is aitached to aircraft or geat if IRSYS > 0); NIMPT = 4 for
input of four points in rime and acceleration (Lines 21A-21D) specifying a
trapezoidal pulse shape; NUNIT = 1 for English units; NOCC = 3 for three
occupants to be simalated; ITYPE = 3 for a threc-occupant seat type; ISEAT(1)
= 1, ISEAT(2) = 1 and ISEAT(3) = 1 to specify that all seat positions are
oceupied.

Line 4: IOUT(1) = 1 and IOUT(2) = 1 request segment position :ind velocity data;
I0OUT(@3} = 2 requests occupant segment acceleration, filteed with cluss 180
digital filter; IOUT(4) = calls for no secondary impact sirnulation; IOUT(S5)
= | requests restraint system forces; IOUT(6) = 1 requests spinal loads and
injury criteria; JOUT(7) = 1 requests seat external forces filtered with a class 60
digital filter; IOUT(8) = 1, IOUT(9) = 1, and JOUT(IC) = 1 request sear
structure deflection, support reactions, and beam loads and stresses,
respectively; WOPLT = 8 for eight occupant-position plots; IPASS = 2 to
specify that the output data will be stored and printed for the center occupant.

Ling 5. T=0and TF = 0.175 sec; DMAX and DMIN set 10 0.0003 sec for fixed-fime
step inegraton; integration error bounds, EUR, and ELK, set ai 10 and Q.1
percent, respectively; initial time step size, DT 18 sarme as {xed step size (If

DMAX is not tie sarme as DMIN, DYTT should be set egual to IYMIN),

Line 6: CKPTIN = 0,025 for interval {in secends) at which restart data are to be
writien on unit 25,

Lanes7A-TH: Oceupant plot data are to be writien on unit 14 at the times specitied on these
eight dnes. (Bight lines are required by iput of NOPLT = 8 on Lire 4.) Plot

viewing anples (Figare 5) are o)1 O deg, mdicaring right-side views.
Lane 4 Clombaned seat bottorm cushion and occupant brtocks force-dsflection

. y - . - " -y NN 5 . - .
refationship of the torm B = 760 (050 1) as shown in Figore 11 dacping
cocthicient of 240 4t zero toad. A coshion thickness of 1.5 o was used,

1Ry




Licz .

Line 10:

Ling 11:

Idne 124:
Lane 12B:
L 12C

4000 ; g ;

3000 - .
8
[ 1
L.
g 2000 }- -
Lo}
[T

1000 L -

F=760 (e 090 b,y
(approximation ror
dummy and cushicn)

0 i 1 |
0 1 2 3 4

Deflection, & - In.

Figure 11. Exponential approximation of force-deflection characterisucs for
dammy and 1.5 in. thick cushion.

Seat back cushion properties with same load-deflection cuive as botiom
cushion.

Headresi cushion properties with same load-deflection curve as sear back and
scat bottom cushinns,

torees and straias for 2.0-in. rylon weshing,

Lap belt anchor point coordinates for passenger No. 1.
Lap belt anchor peimt coovdinates for passenger Mo. 2.
Lap belt anchor point coordinates for passenger No. 3.

Shenlder belt foree-detlecion properties (blink - not used s this case because

de
IREYS = 0on i ine 3).

Shoulder belt anchor peint, BUKIL, and XTRAL o cccupants 1, 2, and 3,
respectively (hlank - not used in thry case).
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Ling 15:

Ling 17:
Line 18:

Line {2

I ins‘ ”! !:

Lines 10A-16C:

Lings 284:211:

Lap beit tiedown strap properties (blank - not used in this case).

Tiedown strap anchor point coordinates for occupants !, 2, and 3 (blank - not
used in this case).

Restraint system damping coefficients and slack all zero.

COEFFS = 0.18 and COEFFR = 0.25, friction coefficients for seat ¢ushion
and floor, respectively; XFR and ANGFR = 0.0 (used only if a footrest is to
be modeled).

Initial position of "aircraft" coordinate system in inertial systern is assumed to
be (0.0, 0.0, 0.0} with yaw, pitch, and roll also zero.

Initial velocity of "aircraft” coordinate system, 30 ft/sec in X-direction.
Table of times and floor accelerations (X-component only, in this case). Four

lines ave included for the trapezoidal pulse shown in Figure 12, as required by
setting NIMPT =4 on Line 3.

5 T T T T T T T
o . ..
e O --
0 -
prerd
m -
| .
o .
8 i ..
< SF n
- .
-0 { } 1 1 1 L i !
G 0.05 0.1 0.15 0.2

Time - sec.

Figure 2. Approximation to sied acceleration.




IJ. '1:

Lines 24-26:
Line 27:

Initial position for passenger No. 1. GAM(1,1) and GAM(2,1) = -16 degrees;
GAMQ@,1) = 7 degrees; GAM(4,1) = -16 degrees for upper arms; GAM(5,1)
= 60 degrees at elbow; heels at 32 in. (these coordinates are illustrated in
Figure A-5); YPASS(1) =-20 in. for Y-coordinate of mid-plane for passenger
No. 1.

Initial position for passenger 2. Same as line 22-1 except YPASS(2) =0 in.
Initial position for passenger 3. Same as line 22-1 except YPASS(3) =20 in.

The coordinate system was located under the rear edge of the seat pan, so that
XSEAT = 1Qin.; the height of the seat pan is 12 in.; seat pan and back angles
are 8 and 16 degrees, respectively. Seat pan length and width are 15.15 in.
and 20 in. respectively. The height of the seat back is 39 in. (These
coordinates are illustrated in Figure A-§).

Blank due to use of finite element seat model (NSEAT =1 on Line 3).

The finite eilement seat model is illustrated in Figure 13. NUMNP = 20 (real
nodes); NUMEL = 27; NUMAT = 2 for two materials; NUMDS = 4
(restrained nodes on the floor); NCORD = 2 (beam pointer nodes, numbered
21 and 22); and NSECT = 2 for two beam element cross sections; NSPLT = 8
for eight seat plots.

1,2, ..., 22 Node numbers
@(2) ..... @ Beam element numbers

Figure 13, Sample case three-passenger seat finite element model.




KNTRL(l) = 5 indicates that up to 5 iterations wili be used at cach tirme step.
KNTRL(2) = § indicates that 5 load increments will be used to enforce the
floor warping.

Seat plot data are to be written on unit 20 at the times srecified on these eight
lines. (Eight lines are required by input of NSPLT =, on Line 27.) All eight
plots are to be made with an elevation angle of +20 deg and an azimuth angle of
+ 45 deg, i.e., viewed from left-front quarter.

Nodal output data are requested for nodes 1 through 20, indicated in Figure 13.

Beam loads and stress output data are requested for elements 1 through 27,
indicated on Figure 13.

Seat structure output at intervals of 0.025 sec.

There are two groups of material properties corresponding to NUMAT = 2.
Material type No. 1 is 2024-T4 aluminum; material No. 2 is 4130 steel.

There are two groups of cross-section properties (NSECT = 2), shown in
Figure 14. The circular tubing cross-section, defined first, is approximated by
eight segments; the square cross-sectior: is made up of four segments. The
orientation of the cross section is specified by the beam pointer node, which
locates the beam y-axis (The beam coordinate system is illustrated in Figure A-
13).

Actual Cross-Section Model of Cross Section
0.083
1.750.D.
0,0.834
Type 1
yp 7
-0.589,0.589
- 0.083 -0.834,0.
| 1.25 —] # ¥
0.693,-0593 | 0.503,0593
r Type 2
1.25 >
0.065 — ’1» l 0.065 o 4

-0.593,-0.593 -0.693,0.593

Note:  All Dimensions in inches.

Figure 14, Element cross-secoon models used for sear structare beam elements




Line 38

Ling 39:

Line 40:

Line 41:

Line 42:

Lings 43-44:

Twenty-two lines of nodal coordinate data corresponding vo 20 real nodes
(NNODE = 20) and 2 pointer nodes (NUMNP = 2). Node puoint locations and
numbers are shown in Figure 13.

Twenty-seven lines of beam clement data corresponding to NUMEL = 27,
Beam element connectivity and nambers are shown in Figure 13,

Seat pan cushion load is distributed on nodes (5, 6, 13, 14) for the first (right)
occupant, (6, 7, 14, 15) for the second (middle) occupant, and (7, 8, 15, 16)
for the third (left) occupant. The order in which the seat pan nodes are
specified is shown in Figure A-14.

Back cushion load is distributed on nodes (5, 6, 17, 18) for the first (right)
occupant, (6, 7, 18, 19) for the second {middle) occupant, and (7, 8, 19, 20)
for the third (left) occupant. The order in which the seat back nodes are
specified is shown in Figure A-14.

Lap belt loads are applicd at nodes (9, 10} for the first (right) occupant, (10,
11) for the second (middle) occupant, and (11, 12) for the third (left) occupant.
Three lines are used for the three passengers.

Five lines, which specify the constraint conditions at the bottom of the seat-leg
elements. For nodes 1, 2, 3, and 4 all forces and only moments in Z-direction
can be supported. In addition, node 2 is moved down in Z-direction by 0.5
in., corresponding to user-specified (pitch) floor warping condition.

A complete listing of the input data for this sample case is presented in Figure 15. Examples of
plots geuerater. v this case are presented as Figures 16-18.




1 2 3 4 5 G 7 K
THREF-PASSENGER TRANSPORT ALRCRAFT SEAT 00001000
SAMPLE_CASE NO. 1 00002000
2 1 0 01 0o 4 1 3 3 \ 1 100003000

1 1 0 1 L 2 1 1 y 8 S 2 00000400
0.0 0.180 0.0005 0.0005 0.10 0,001 0.0U05 ' 00005000
0.025 00006000
0.0 0.0 00007600
0.025 0.0 00007010,
0.050 0.0 00007020
0.075 0.0 00007630
0,100 0.0 00007040
0.125 0.0 00007050
0.150 0.0 2007060
0.175 0.0 00007079
760 0.50 2.40 1.50 00C0800Y)
760, 0.50 2.40 1,50 00009000
760 0.50 2.40 3.00 00010000
550. 1300, 2250. 0.0403 0.1048 0.1613 0. 0001100¢
12.5 ~30.0 15.0 12.5 ~10.0 15.0 00012000
12.5 ~10.0 15.0 12.5 10.90 15.0 00012010
12.5 10.0 15.0 12.5 30.0 15.0 00012020
0. 00013000
0. 00014000
0. 06014010
0. 00014020
0. 00015009
0. 00016000
0. 00016010
0. 00016020,
0. 0. 00017000
0.18 0.25 0.0 0.0 00018000,
0.0 0. .0 0.0 0.0 0.0 0001900¢
30.0 0.0 0.0 00 0.0 0.0 00620000
0.0 0.0 0.0 0.0 0.0 0.0 00021000
0.010 -6.0 0.0 0.0 0.0 0.0 00021010
0.199 -6.0 0.0 0.0 0.0 0.0 00021020
0.165 0.0 0.0 0.0 0.0 0.0 00021930,
~16.0 16,0 1.0 16.0 60.0 32.0 -20.0 00022000
~16,0 ~16.0 /0 16.0 60.0 32.0 0,0 00G22010
~16.0 16.0 1.0 16.0 600 32,0 20,0 00027020
10,0 12.0 8.0 16,5 15,15 20,0 59 0 00023000
00024000
w\'“)‘()(),"}"l()(‘

) ! 4 ! 13 J o

H T

Figure 15

-

Listing of input

data for saraple case na, 1



L 2 3 4 Y 6 7 8
0.0 45.0 20.0 00029000
0.025 45.0 20.0 00029010
C,050 45.0 20,0 00029020
0,015 45,0 20.0 00029030
0,190 15,0 20,0 00029040
0.125 45.0 20.0 00029050
0.150 45.0 20.0 00029060
» 0,175 45,0 20.0 06029070
1 20 00030000
1 27 00031009
0.025 00032000
12024~T4 AL 00933000
2.588E-4 10.5E6 44000, 4.9F5 62000, 0.3 00034000
58000, 62000, 0.0 0.0 00035000
241 30-STEEL 00033010
7. 320E-4 29.0E6 163000, 6.CE6 180000, 0.3 00034010
174400, 81000, 0.0 0.0 00035010
8 0 0.4347 0.3028 0.1514 0,1514 00036000
0.0 7,834 0.083 000637030
~0.590 0.590 0.083 00037010
-0.634 0.0 0.083 03037020
-0.5930 -0,590 0.083 00037030
0.0 -0,834 0.083 000312ﬁ2
0.590 -0.590 0.083 GO03705C
0.834 c.0 0.083 OCDRTO60]
0.590 0.590 0.083 0C037070
4 0 0.3081 0.3082 0,0723 C.0723 00036100
-0.593 0.593 0.065 00037100
-0.593 ~-0,593 0.065 o SIS ERENEe
0.593 -0.592 0,065 Q0037120
0.593 0.593 0.065 000371 30
1 5.0 ~13.0 0,0 0003R0O1D
25.0 ~10.90 0,0 00038020
3 8,0 10,0 0.0 OUOIBOI0
4 25,0 10,0 0.0 00038040
5 10,0 -30.0 12,0 QOO0 3805L
6 10.0 ~10.0 12.0 i D06383060
7 10.0 10.0 12.0 D0G3IRATO
3] 10,0 30,0 12.0 GO 3BOH
49 12.5 = 30.0 12.33 D00 3809
10 — 12.0 - 10,0 12,34 COO0NHTON
11 1. 10 IS ] OO R T
17 i ) VY 1 33 ARSI &1 G
[ L) 240U P tod - 'T
L Goo i ,

Figure 15 (come). Lasung ol mput data for sample case o 1
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- 1 I 3 4 5 [ / U
16 25,0 30.0 14,1048 20038160
17 2,206 - 30,0 39,0 NO03817Y,
18 2.258 ~10.0 39,0 00038160
19 2.258 10.0 39,0 06038190
20 2.258 30.0 39.0 00028200
21 10,0 -4, 0 12.9 0003821¢C
22 25.0 ~47,0 14,0 00038220

1 1 5 0 2 21 2 2 00039001
e 2 3 7 0 2 21 2 L 00039002
3 2 14 0 2 22 2 2 Q0039003
4 4 15 o 0 2 22 2 2 00039004
5 2 6 G 2 21 2 2 000 010 000 010 QG0039005
6 4 7 2 2 21 2 2 GO0 019 000 C10 00039004
i 5 6 ) 22 2 1 No033007
8 6 7 I ] 22 2 ] 00033008
2 ! 8 0 1 22 2 1 000390uLY
10 13 14 O 1 21 2 1 ) 00039610
1l 14 15 0 1 23 2 j 00039011
12 15 16 Q 1 21 2 1 00029012
13 5 9 Y 2 21 2 1 00038013
14 [ 10 {3 Z 2L 2 1 L)()U39()l_§
15 7 11 Q 2 2 2 1 0003901 5]
16 3] 12 0 2 a0 7 ) 00039016
17 9 13 0 ‘. 21 2 L Q0039017
18 10 14 0 < 21 2 ! 00039014
19 3l 15 0 2 21 2 1 0003901 4
20 12 1LE 2 21 Y | 00039020
21 5 17 C 2 21 2 1 00039021
22 6 18 o} 2 21 2 1 00039022
23 19 0 ? 2 2 ! 00039023
24 8 20 4] 2 21 4 1 00039024
25 17 18 Q 2 2 ? 1 0003902 Y|
€ 18 19 ¢ 2 21 2 i ) QOO3902¢
27l 19 20 ¢} 2 21 7 1 con3anry
. 5 [ [ 4 6 l} 14 'Y / 8 i) 1 — GeOa06ua
8 _;/ by 3 . ! 18 ] ! it ] A0 . GELAT G930

9 0 0Coa2G10
VU o “““"m\‘\’l} 2020
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PLilool OG04 300

] B 004 35D
:‘\_ . - - - Lrnaanen

Fipure #5 teontdn Eting of jnpnt caia for sample case o,




PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.1750 SEC.

G
7 "
73
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Figure 16. Sample case no. 1, occripant plot (side vie . Yatume = 00175 see




PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.1750 SEC.

Prgure 170 Nample cise noc b, occapant plod doent view ) at thoe 00170 wee



PROGRAM SOM-TA
TRANSPORT AIRCRAFT SEAT
TIME = 0.1750 SEC.
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5.2 SAMPLE CASE NO, 2: PRODUJCTION GENERAL AVIATION SEAT

Front and side views of the procduction general aviation seat treated here as an example are shown
in Figure 19. Note that the coordinate system has been placed on the floor at the centerline of the
seat far enough aft that all points on the seat will be positive. Although this is not a requirement,
such location of the coordinate system does facilitate preparation of input data.

Recause of the nonsymmetric restraint system, a three-dimensional occupant simulation is
requested by NDIM = 3 on Line 3. As illustrated in Figure 20, the seat structure was modeled
using 28 nodes and 36 beam elements. The seat siruciure is fabricated of 6061-Té aluminum
alloy. The cross section of all beam elements 1s iHlustrated 1 Figure 21 along with the rectangular
approximation utilized in the model. A listing of input data is presented as Figure 22. Because
neither the lap belt nor the shoulder harmess is attached to the seat, the restraint sysiem nodes are
not required. The seat has one fore-and-aft adjustment locking pin at the left-front track
connection. The track connections are assutued to consnain nodes 1, 2, and 15 against translation
in the ¥ and Z direction but leave them free 1n the other directions. Mode 16, on the other hand,
where the adjustment locking pin is located, is constrained in all directions except Z rotations.
Some judgment is required as to the ability of the adjustmient locking pin to resist rotations about
the X or Y axes.
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] 7 3 4 Y 6 1 B,
NONADGUSTABLE, GENERAL AVIATION PLLOT SENT 00001600

SAMPLE CASE NO. 2 000020004

3 1 1 2 1 0 0 16 1 1 1 1 0 0 GO00300U

1 1 2 0 1 1 2 1 1 1 8 5 1 00004000

0. 0.250 0.,0005 0.0005 0.1 0.001 €.0005 ° 00005000

0.025 00006000

s 0.y .0 00007000
0.040 0.0 00007010
0.080 0.0 000070204
0,120 0.0 00007030
0.160 0.0 0000704 O
0.200 0.0 00007050

| 0.220 0.0 00007060,
0.240 0.0 C000707
187,2 0.70 0.87 2.00 00008000
197,2 0.70 Q.87 2.00 00009000

0.0 0.0 0.0 0.0 00010000

550, 1300. 2250, 0.0407 0.1048 0,.1613 00011000

7.350 -9.50 0.50 750 9.50 0.50 00012000

550 1360, 2250, 0.0403 0.1048 0.1613 00013000

-~16.,0 15,75 46.00 13.25 0,00 02014000

0.0 00015000

0.0 00016000

C.0 0.0 .0 . 00017000

0.18 0.25 0.0 000180C 0

0.0 0.0 0.0 00019000

50.0 0.C 0.J 0.0 00020092

i 0.0 0.0 00021000
0.0092 -0.109 00021010
0.0262 ~-8.93 00021020
0.9330 -~10.9 00021030
0.0389 -11.9 00021040
¢.0420 -11.6 00021050
0.05.,0 -12.4 00021060

0. 07106 ~12.2 00021070
0.0805 =107 0002108(
0.0913 -11.1 00021090Y
C.1000 -9.29 00C2110¢

- 0.1463 11.6 QOC21711(
0.1592 9,59 00C21120
0.1588 P47 Coueli

- U1 In0 0,942 GO 1AL
L2 1B (.0 HUJ;ilud

i

Frgure 220 Input data Iisting, case no. 2




1 2 3 4 5 6 L 3]
~8, 4 ~8.4 0.0 -30.0 60.0 37.0 0.0 00022000
4.67 7.93 9.20 8.40 15.30 15.80 29.2 00023060
00024000
00025000
00026000
28 410 1 4 4 1 8 00527000
5 1 00028000
0,0 45.0 20,0 000250600
0,040 45.0 20.0 00629010
0,080 45.0 20.0 00629020
0,120 45,0 20.0 OOOEQOJQ
0.160 45.0 20.0 00029040
0.200 45.0 20,0 00029050
0,220 45.0 20,0 C00290¢60
0,240 35.0 20.0 00029070
1 28 00030000
1 36 00031000
0,025 00032000,
16061-T6 AL 00033C0Q]
2 .588E~4 10.0E6 36000. 1.0E6 45000. 0.3 00034000
42000. 18750, 0.0 0.0 000320004
4 0 0.1340 .03452 0.02078 0.00672 C0036010
~0,211 0.461 0.078 00037010
-0,211 ~0.461 0.078 00037020
0,211 ~0.461 0.078 00037030
0.211 0.461 0.078 00337040
1 8.0 -5.00 0.0 00038010
2 17.9 -5.0 0.0 QCO3B020
3 17.0 -3.00 4.16 00038030
4 20.5 ~5.00 q4.29 - 00038G40
5 23.0 -3.30 10,9 00038050,
6 22.1 =700 in,le 00038060
l 15.82 =7.490 9, /5 0Q0 38070
# 4.156 =7.,30 11,4 O0038OHY
9 1oL 0 -6 10 29,20 . 000 3HG91)
10 4.15 )00 11,0 0003800
1l 4q.¢.1 AT ) [RISITIRRI IR NS
17 (SR LY B4 GO AT 20
13 a2 2? J.oan A D00 s L
14 W RIS 2 OGRS
1 8,00 ‘_M«‘»A[" O L

Frgure 22 G
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1 2 3 4 5 6 ] g
18 20.5 5.00 4.29 00038130
19 23.0 1.30 10.9 00038190
20 22.1 7.00 16.76 00038200
21 15.82 7.50 9.75 00038210
22 4.15 7.90 11.3 ' 50038220
23 1.50 6.10 29.2 00038230
24 4.15 7.00 11.3 00038240
25 4.867 7.90 7.93 00038250
26 6.57 7.90 8.24 00038260
27 9.22 7.90 8.63 00938270
28 8.57 5.00 3.87 00038280
29 8.57 0.0 3.87 000382 90
30 17.0 0.0 4.16 00038300}
31 23.0 0.0 10.9 02038310
32 4.67 0.1 7.93 00038320
1 114 0 129 2 1 00035001
2 2 3 0 1 30 2 1 20039002
314 3 0 129 2 1 00035003
4 3 4 0 130 2 1 00039064
5 4 5 0 131 2 1 00039005
6 5 6 0 131 2 1 00039004
7 6 7 0 13 2 1 00039007
8 113 0 13 2 1 00039008
9 12 13 0 132 2 1 00039009
10 3 7 0 130 2 1 0003901 0)
11 14 13 0 124 2 1 00039011
12 14 12 0 129 2 1 00039012
13 8 10 0 13 2 1000 100 000 000 60039013
14 3 11 0 132 2 1 00039014
15 9 3 U 132 2 ] 00039015
| 16 15 28 o 29 2 ! 3603901 6
17 16 117 0 ] 20 > 1 00033017
18 28 17 N 1 29 2 i 36039016
19 17 18 ¢ 130 2 1 0063901
2018 19 0 L3 2 1 020735020
21 19 20 0 | L 2 ! 05035071
22 20 21 0 ) 1 2 1 L 090 39077
23 2127 ¢ i L L GOD3UOZ
2 26 2! e ] i 2 ! MVEED) ..’
05 1120 , u . 50 o ! . 500 1850
26 28 27 v ] 4y ? GH0 39 ]
sl 28 26 ; i i
‘H 12 24 ] 1 i 00 ASEN
Fipure 22 (vontd), Input dat Tnting, case nos 0
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1 2 J 4 i 3 i 3

=9 22 25 Lo 1 32 2 | 0G03902 Y

30 23 22 0 | 32 3 1 00039030

11 5 14 ¢ 1 32 2 1 00039031
3z 12 26 0 ! 31 2 1 01033032
33 B 23 0 1 32 2 L 00039033
34 10 24 0 ] 32 2 1 00039034
L) 12 10 0 y 32 2 1 00039035
36 26 24 0 1 . 32 2 1 0003907

37 11 12 0 1 32 2 1 — 00039037

38 25 26 o) 1 32 2 1 00039038

39 10 13 0 1 22 2 1 . 000390139

4C 24 27 0 1 32 2 1 00039040

12 26 5 19 00040000

10 24 9 23 00041000

0 00042000
1111101 00043000
21111G1 00043010
15111101 . 00043029
16115101 C0043030)

Figure 22 (contd). Input data listing, case no. 2.
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5.3 SAMPLE CASE NQ, 3: ENERGY-ABSORBING HELICOPTER SEAT

A production energy-absorbing helicopter seat was tested at CAMI. The test configuration is
illustrated ir Figure 23. A complete listing of input data is presented as Figure 24.

Headrest properties are provided on Line 10. In addition to lap belt and shoulder belt properties
and locations on Lines 11-14, the lap belt tiedown strap of the five-point restraint system is
described on Lines 15 and 16. The webbing is a low-deflection polyester type, whose load-
elongation properties are illustrated in Figure B-5. The five-point restraint system is indicated by
IRSYS =4 on Line 3.

As shown in Figure 23, the seat was rotated on the horizontal sled in order to simulate a near-
vertical impact. The input acceleration is input in both X- and Z-components, on Lines 21A-21H.
The pitch of -73 degrees is entered on Line 19.

Energy absorber data are entered on Line 25. The load-stroke characteristics for the seat are
illustrated in Figure 25. The guide tubes shown in Figure 23 are oriented 4 degrees from the Z-
axis, and this angle is input on Line 24, along with the movable seat weighi of 60.6 1b. It is this
nonzero seat weight that causes the stroking seat model to be used.

Line 24 incluaes the unloading slope of 4308 Ib/in. and the damping coefficient of 0.55 1b-sec/in.,
whichk was determined by maiching the measured energy absorber force-time history. A moment

of inertia of 148 !b-in.-sec™ with respect to the aircraft coordinate system was estimated for the
seat. Rotational stiffness parameters on Line 26 were estimated from static tests of the seat.

Y
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1 2 3 1 5 6 7 8
CAMI THST A81-124 (FNERGY-ABSORBING HELICOPTER CREWSEAT) 00001000
14 FT/S5, 42- 70 SLED TESY WITH 73-DEG PITCH 00002000
2 3 0 4 0 1 1 16 1 1 1 1 0 0 00003000
) 1 2 0 1 1 3 0 0 0 8 1 1 < 00004000
Q. 0.250 0.001 0,001 0.1 0.001 0.001 000050008
0.025 050060008
0.0 Q.0 00007C0
0,025 0.0 0000701¢
0.050 0.0 000070204
0.075 0.0 0090703
| 0.100 0.0 0000704
| 0b.125 0.0 00007050
0.150 0.0 00007060)
0,175 .0 0000707
760. 0.50 2.40 2.5 00008000
760 . 0.50 2.40 1.5 00009000
10060, 0.216 2.40 1.0 00010000
1820, 5000. 10000, 0.0080 0.0520 0.03800 00011000
3.6 ~9.0 13.1 u.6 9.0 13.1 500120008
910. 2500. 5000. 0.0080 0.0520 0.0900 00013000
-6.02 0.0 36.2 12.0 5.0 00014000,
1000, 1570, 5000. 0.0133 0.0467 0,1112 00015000
13.18 0.0 10.2 00016500
0.0 0.0 00017000
0,30 .35 0.0 0.0 00618000
0.0 0.0 0.0 0.0 -73.0 G.0 30019000
12.72 0.0 -41,60 0,0 0.0 0.0 0u020000)
0.0 0.C 0.0 0,0 00021000
0,0055 ~0.841 0.0 2,15 00021010
0.0085 ~1.68 0.0 .50 05021020,
0.0130 -3.22 0,0 10.53 0002103¢C
0.0175 4,32 G, 0 14.1h 00021040
0.0250 ~-7.33 0,0 23.97 00021050
0.,0280Q ~8.32 0.0 2l ()OE"}O()(
0.0315 ~9.05 0.0 10, 0h . 0021070
0,0382 =10.23 0.¢ 1,48 ()0();71(‘)!::
0.0440 ~131.72 G.0 384y 000210
0.0480 12,13 0.0 39,648 200221008
0,015 -T1.h6Y 0.0 38,11 Gocrill
0. 0h%3% -10.75 0.0 3407
0, 0590 0.38 0.0 A6
0,060 (S [T R
0,060 RIS O, 0 DI T

Frgure 240 Listine of raput data, case no. 3




| 1 2 3 4 5 6 i 8
12.85 8.35 11.3 13.3 16.5 18.0 00022001}
4.6 6.55 6.13 4.72 6.26 8.35 10.96 00022002
44,60 35,97 12.08 14.85 4,8% 21.70 9.49 00022007
2.32 2.18 0,275 0.132 0.017 0.127 0.927 00022004
0.76 0.93 0.284 0.135 0.18% 1.22 0.994 00022005
2.32 1.70 0.233 0.022 0.195 0.873 0.505 00022006
4.50 4.50 3.44 1.95 1.85 3.10 2.30 00022007
2.30 1.60 3.56 2.61 1.85 2.34 00022008
3.70 6.34 0.20 0.20 2.00 00222009
2000. 0.050 2000, 0.340 00022010
6000, 5.238 1.00 3240, 0.270 1.00 00022011
375.0 1.49 150.0 375.0 1.49 30.0 00022012
0.0 7.50 3.00 13.0 16.0 18.0 40.5 006023000
60.6 4,0 4308, 0.55% 148.0 3470000, 2000, 00024000
2585, 2585, 2585. 0.6 16.0 20.0 00025000
15510. 156350, 215160, 0.0156 0.0562 0,0885 000269004

Figure 24 (contd). Licting of input data, case no. 3.
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Figure 25. Energy absorber load-stroke characteristics

5.4 SAMPLE CASE NO. 4; SEAT BACK CONTACT

This example simulates one of a series of tests conducted at the FAA Civil Aeromedical Institute
(CAMD), 1in which two rows of seats were installed on the deceleration sled. This west condition
was intended primarily to observe the influence of att-seated passengers on seat ioading (Ret. 5).
The first test conditions simulated are those of test A87-040, for which the seats were mstalled at a
row pitch of 30 in. (SPITCH = 30.0 on Line 49), and the seat back movenent on the forward scat
was unrestricted. The "breakover” moment, which would resist the seat back's rotation, was set n
the simulation at 60 1b-ft, the approximate lower end of the range measured by CAMI during their
test program. The sled deceleration that was measured in the test was digitized wmd apphied as input
io the model; the digitized pulse 1s shown o Frgure 26, A series of occupant plots showing the
seat back rotation 1y included as Figure 27, and a0 complete listing i Frgure 2X.
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Figure 26. Test sled acceleration, test A87040.

.

-20.00

TIME = 0.0000 SEC TIME = 0.1000 SEC TIME = 0.1200 SEC TIME = 0.14G0 SEC

TIME G600 Lo TiME 0 2000 SEC PINMES O sa06 B o TiMi 2800 SFG

Frvare 270 Ovcupant posaron, Tull seat back bicakhoves o




3 i 2 4 4 5 5 i 8
CAMI TEST A87040 (15-G, TWO SEAT ROWS) 0090100
RESTRICTED SEAT HACK BREAKOVER, 30--{N. ROW PT7CH 00C02000
2 1 0 0 o3 0 16 1 3 s 1 1 100093000
] 1 2 i 1 1 2 0 0 0 & 1 2 00004000,
0.0 0.300 0.000S 0.900%5 0.10 0.001 0.0005 ° 00005000
0.05 00006009
0.0 0.0 00007000
0.04C 0.0 50607010
0.080 0.0 00007020
0.120 0.2 ‘ G0007030)
0.160 0.0 5 00007040
0.200 0.0 000070350
0.240 0.0 — 00607064
0.280 0.0 000070
216.0 2.04 1,20 4.0 0008030
216.0 2.04 1.20 4.0 07299000
2i6.0 2.04 1,20 £.3 00010000
550, 1300. 2250, 0.0403 c.1048 0,1¢13 0. 0uc11009)
5.0 -27.0 14.5 5.0 -9.0 14.5 00120004
5.0 -9.0 11.5 5.0 9.0 14.5 0002010
5.0 3.0 11.5 14.5 27.0 14.5 0001202¢
- 0.0 i 00013500
.0 00014000
0.0 00014010
. 0.0 00014020
n.0 i 00015000!
| 0.0 0001650
2.0 00016010
0.0 L . 00016020)
0.0 .0 _ o 00017000 |
0.18 0.8 0 9.0 00018000
0.0 0.0 0.0 0.0 09 0.0 8019000
N 44.7 0.0 0.0 0o 0.0 0.0 D002 G000 |
) 0002 1000,
. . o 0002101¢ |
5002 107 |
B . R 00021037
_ e 0002104¢
K " —— 0002 105¢
R ) 00021060 ‘
. GO 107
— ....: OullQ }'3‘;'
I ]
: igure 28 Listing ob ieput datas case ne d
)
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B 1 2 ‘ 3 1 5 6 i g
0.1009 -15,23 00021190
0.1055 ~15.23 90021110
0.1173 -9.43% 00021129
0.1564 -6.69 60021130
0.1718 2.54 00021140
0.1600 0,00 00021150

-13.0 -13.0 10.0 -18.0 18.0 28.0 ~18.0 60027000
 __.-13.0 -13.0 10.0 -18.0__ 1e.0 28.0 0.0 00022010
-13.0 =13.0 16.0 =180 48.0 _ 28.0 18.0 00022020
el 11,1 5.00 13.9 20.0 18.0 46.0 00023000
00024000

00025000

| . 00026000
14.0 16.0 10.0 22.90 3.0 3.0 16.0 00045000

760.0 0,68 3.0 00046000
7€0.0 1.0 2.4 ) 00047000
760.0 1.0 2.4 . 00045500t

10.0 80,0 30.0 0004 “109

726.0 720.0 3500 0 0.0349 1.274 1.623 00C5C: 00

Figure 28 ‘contd). Listing of input data, case nc. 4.
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APPENDIX A

INPUT DATA REQUIREMENTS

in this Appendix, a line-by-line description of the input data required by Prograny SOM-LA/SCGM-
TaA for exarmyie no. 1, described in section 5.7, is presented. As described in section 7, there ace
also a number of gptional ines of data, such as Lines 22A through 221, which are used oaly fora
nonstandard occupart. These are included folkrwing the Line 22 input, beginning on 052 A-32
Lines 24 through 26 for the erergy- dbwmm{_ seat plioa are not used in exsmple no. 1 and a:\,
therefors:, Slank., Anexzenle of thoiy @ se can be fouid ne example no. 3, deseribed in secton 5.3,
Data for the vimte slement 202t mode! begins wath Line 27, which follorvs frage A-57.

sen vernpanis and the seat backs in front of L om, us=d in
DlCwIng e mt‘ut toexarpie uo. 1

Input data for modeliag coseact ban
example ne. 4, bogin . npage A-81,




LAINES 1 AND 2: Case Identification

DESCRIPTION: Title of case on two lines.
FORMAT AND EXAMPLE:

1 2 3 4 5 ;
1234567 800[123456756011234567890| 1234567 890]123456730011224567890] 12345675890
NAME1 j
NAME?
THREE-PASSENGER TRANSPORT AIRCRAFT SEAT
L SAMPLE CASE NO. |
HELD PFORMAT CONTENTS
NAME] TA10 Alphanumeric title of case to be centered at top of printed output and
plots.
NAME2 TA10 Sesond line of alphanumeric data.




LINE 3: Case Control Parameters

DESCRIPTION: Type of case, type of seat, and occupant locations.
FORMAT AND EXAMPLE:

! o] g ! 3 G 5

2 . .
1234587800 1234567800]12345678901123456780011234567850[123456789011234567890
—NT)]B_QVMAN NSEAT] IRSYS [IBUKL | ILBLT [ISHNS | NIMPT [NUNIT | NOCC | ITYPE [ ISEAT [ ISEAT | ISEAT

e (1 (2) (3)
1 i 0 0 i 1 3 1 1 1

FIELD PFORMAT  CONTENTS
NDIM i5 Definition of occupant degrees of freedom:
NDIM=2: Two-dimensional (plane motion) simulation
NDIM =3: Three-dimensional sirrulation (default).
IMAN IS5 Ideniification of occupant
IMAN =0: Standard 50th-percentile male human
IMAN =1: Standard 50th-perceatile (Part 572) durnmy
IMAN=2: Nonstandard human
IMAN=3: Nonstandard dummy.
NSEAT 15 Seat model
NSEAT =0: Rigid seat model
;. NSEAT = 1 : Finite element seat model.
‘\ IRSYS I5 Restraint system configuration
IRSYS =0: Lapbeltonly
; IRSYS =1: Diagenal she ider belt over right shoulder
IRSYS =2: Diagonal shoulder belt over left shoulder
o IRSYS =3: Double shoulder belt.
‘ [BUXI. s Buckle connection tyne (see Figure A-1).
LT 15 [.ap belt attachment
s HLBLT=0: Attached to aitframe
3 WBLT=1: Attached to seat.
SHNS IS Shoulder haraess attachment
~ ISHNS =0: Atached to airtrame
ISHNS =1: Attached to seat.
: NiMPT 15 Number of points in table of awcraft acceleration vs, time
(geterimnes number of Line 21 inputs required, a maxiunum of 40).
NUNIT Is System of units
NUNIT = 0 St uaits
i NUNIT = 1+ English unis,
: NOCT 15 Numb.er of pceuparnte to be modeled.

A3



ITYPE

ISEAT

I5 Seat type in terms of occupant positions
ITYPE=1: Single seat
ITYPE=2: "Two-passenger seai G
ITYPE=13: Three-passenger seat.
315 Locations of occupants, specifying whether a given seat position is
occupied (1) or empty (0)

ISEAT(1):  Righi-most pesition

ISEAT(2):  Center position for three-passenger seat, left
position for two-passenger seat

ISEAT(3):  Left position for three-passenger seat.

A




IBUKL = 1 IBUKL =2 IBUKL = 3

2
5

]

X

BUKL = 0 1

1 = Shoulder belt fixed to buckie

2 = Shoulder belt and one side of lap
helt are one length of webbing

3 = Shoulder belt and lap belt attached
to fixed point

NOTE: BUKIL. parameter is defined on lines 14A, 14B, and 14C.

Figure A-1. Types of buckle connections specified by IBUKIL on line 3.




LINE 4: Output Selection

DESCRIPTION: Definition of output data io be stored for printing and number of plots. 0
FORMAT AND EXAMPLE:
1 p) 3 a4 5 g 7

1234567890]1234367890]1234567800]1234567890{1234567890]1234567895011234567890
OUT( JOUTZYOUTGHOUT@ OUT(&%'IOUT(6 OUT(TROUTEMOUTOY OUT [NOPLT[ITRMXTIPASS |

(10)
1 1 ) 0 1 1 2 ] 1 1 8! 5 2)

FIELD FORMAT CONTENTS

10UT 1015 Vector of 0's, 1's, 2's and 3's indicating which output data are to be
printed (1, 2, or 3) or not printed (0)
IOUT(1) : Occupant segment positior.
IOUT() : Occupant segment velocity
I0UT(@3): Occupant segment acceleration(1)
IOUT(4) : Secondary impact prediction(2)
IOUT(S) : Restraint system forces
IOUT(6) : Injury criteria
IOUT(7) : Seat external loads (cushions, floor) (1)
IOUT(8) : Seat structure deflections(3)
IOUT(9; : Seat structure support reactions
IOUT(10): Stresses in seat structure beam elements(4).

NOPLT I5 Number of requested occupant position plots (up to 20). “
(Determines number of Line 7 inputs to be included.)

ITRMX IS Number of iterations in initially seating occupant(s). (Default =35.)

IPASS IS5 Identification of occupant for which output data (position, velocity,

acceleration, belt loads, etc.) are stored and printed
IPASS = 1: Right-most passenger
IPASS =2 : Center position for three-passenger seat or
left position for two-passenger seat
IPASS =3 : Left position for three-passenger seat.

The example specifies a three-passenger seat which is fully cccupied. Gutput data are stored and
printed for the center passenger.

(1) For IQUT(3) and IOUT(7), an input valuc of 1 results in unfiltered outpui. A valve of 2 or 3 results in
application of a class 180 (300 Hz) or class 60 (100 He) filter, respectively.

(2) IOUT@) =0:  Ne secondary impact prediction and the forward seat is not plotted.
IOUTEY = 1 Subroutine IMPACT i called for prediction of contact with the seat back, and cecupisit
plots show the forward seat in iis undeformed position.
[OUTEy =2 Submutine IMPACT is called for prediction of contact with the seat back, and occupant
plots show the forward seat deformation as that of the seat bomg modeled.
(%) I HOUT(R) = 1, data on Lise 30 wili be used o select e nodes for stress outpat deflection catput.
(1) HIOUTOLO) = 1, data on Line 31 vl be used to select the beam elements for stress outpul,
AS




LINE 5: Simulationn Control Data

DESCRIPTION:  Parameters for control of solution duration, step size, and ervor bounds.

FORMAT AND EXAMPLE:

1 2 3 4 5 o 7

12343567890)1234567890] 1234567890] 1234567890 123456789011234567890]1234567850

TI TE DMAX DMIN EUR EIR DTI
0. 0.180) 0.000 0.0005 0.10 000! 0.0005

FIELD FORMAT  (ONTENTS

TI F10.0 Initial solution time in seconds. Normally taken as 0.

TF F10.0 Final solution time in seconds.

DMAX F10.0 Maximum step size. A value of 0.0C1 sec has been used
successfully.

DMIN F10.0 Minimum step size. A value as large as 0.001 sec has beer used
successfully, but the use of very stiff restraint system webbing or
seat cushions may require a smaller value, such as 0.00001. The
solution can be accomplished with a fixed step size by setting DMIN
= DMAX.

EUR £10.0 Maximum bound on error between predictor and corrector. A value
of 0.05 1o 0.10 is suggested, corresponding to a range of 5 w 10
percent. If the error in any variable is larger than this value, the step
size is halved, maintaining sclution accuracy.

ELR F10.0 LLower bound on error between predic or and corrector. A value of

0.001 is suggested, corresponding to 0.1 percent. If the error in all
variables is smaller than this value, the step size is doubled,
preventing the computer execution cost from becoming excessively
high.
Note: Because doubling the step size muliiplies the truncation error
in the Adams-Moulton integrator by a factor of 25, ELR should be
chosen less then EUR/22 if the advantages of doubling are not to be
short-lived.

DTI F10.0 Initial step size, normally set equal to DMIN.

AT




LINE &: Restart Data Interval

DESCRIPTION: Timre interval at which data are to be written on unit 25 for potential use in
subsequently restarting solution.

FORMAT AND EXAMPLE:

1 2 2 4 5 o 7
1234567290) 1234567890 1234567890 1234567890[1234567890] 1234567890] 1234567890
CKPTIN
0.025)
FIELD FORMAT CONTENTS
CKPTIN Fi0.0 Time interval in seconds.




LINE 7: Occupant Plot Times and Viewing Angles (number of lines required = NOPLT on Line 4) \

RESCRIPTION: Times when occupant plot data are to be stored on unit 14, which must be
saved as a permanent file for subsequent plotting. Viewing angles
corresponding to times are measured in degrees in the horizontal plane, as
illustrated in Figure A-2. An angle of 0 degrees results in a right-side view;
90 degrees, a front view; and 183 degrees, a left-side view.

i p) 3 4 3 7
12345678901 1234567890} 12545678901 1234567890] 1234567890 1234567890} 1234567890
TOPLT ANGVU
C.0 Q.
0.025 0.0
0.050 0. 1
0.075 0.0 !
0.100 0.0
0.125 0.
] 0.150 0.G
0.175 0.0 |
TOPLT  F10.0 Plot fine (sec). 1
ANGVU F10.0 Occupant viewing angles (deg).
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LINE 8: Combined Sea:

..shion and Occupant Buttocks Properties

DESCRIPTION: Force-deflection characteristics and damping for seat cushion and buttocks
combined; thickness for seat bottom cushion. The force, F, is computed
from total deflection, &, according to F = C(eB3 - 1).

FORMAT AND EXAMPI E:

1 3 4] 6 7
1234567890[1234567890]1234567850]1234567890]1234567890] 1234567890} 1234567890
CSC BSC DPSC THSCE
760, 0.50 2.40) 1.50

FIELD FORMAT CONT!INTS

i F10.0 Ceoft! ient Ci + ove equation (Ib).

BSC +.0.0 Coefficien Bi, ' ~ve equation (in.'l).

DISC .0 D oing coef o v at zero lead (Ih-< vinL).

THSCE F10.¢ Unicade hi - coss sfcuthiv oo, outtocks (in.)



LINE 8: Back Cushion Properties

DESCRIPTION: Force-deflection characteristics, damping, and thickness for back cushion. Q’
These characteristics should be measured using an indenter with the form of
the occupant torso. If a dummy torso is used in measurement, the
deflection should be based on the *hest accelerometer location. The force,

F, is computed from cushion deflection, 8§, according to F = C(eBs . 1.

FORMAT AND EXAMPLE:
1 2 3 4 5 6! 7
1234567890]1234567890] 1234567890] 1234567890[1234567850] 1234567890} 1234567890
CBC BBC DPBC THBCE
760. 0.5 24 1.5

FELD PORMAT  CONTENTS

CBC F10.0 Coefficient C in above equation (ib).

BBC F10.0 Coefficient B in above equaticn (in.-1).
DPBC F10.0 Damping coefficient at zero load (Ib-sec/in.)

THBCE F10.0 Unloaded thickness of cushion in center of seat back (in.).

AR




LJNE 1Q: Headrest Coashion Properties

RESCRIPTION: Force-deflection characterisiics, damping, and thickness for headrest
cushior. The measurement should be made using a headform. The force,
F, is computed from cushion deflection, §, according to ¥ = C(e% - DI
CHR == Q {or blank), the headrest is omitted frorm the seat configuraton.

FORMAT AND b XAMPLE:

i | . g Wy;‘n
1234567890]1234507859] ; TRO0| 123456 7800011233567 890] 1 tm’fz’mh‘l'm% ]
CHR ' BHE . DpPAR | THARE ] i -
760, 0.50 I 300

b v — vt

Elolas FORMAT  CONTENTS

CHR Fion Coefficient C in ahove equation (ib).

BHR F10.0 Coefficient B in above equaticn ( in.'l).

DF:HR F10.0 Damping coefficient (1b-sec/in.).

THHRE F'J.0 Unloaced thickness of cushion behind head (i),




LINE 1]1: Lap Belt Properties

LESCRIPTION: Tables of forces and deflections define an approximation to force-eflection
curve by three linear segments, as tllustrated 1o Figum A-3. Vhe force snd
deflection at point 1 are assumed 1o be sero.

JRMAT AND EXAMPLE:

1 ¥ 3 5 ) !
12345673901 1234567890 1234567800] 12345€ 78001 12345678501 1 234567801 1234367 8508
FFLB(2) | FFLB(3) I' FFLB(4) I DDLB() { DDLBXY | DDLR()

350. 1300. 2230 0.0403 0.1045 Ciely
FIELD FORMAT  CONTENTS
FFLB 3F10.0 Forces (ih).

DDLB 3F10.0 Strains corresponding to forces ¢ 1),

PRy




| FELB(4) (D4,F4)

(D3,F3)

FFLB(2) V’jfg‘o /

FFL.B(3)

Force

DDLB(2)  DDLB(3) DDLB(4)

Pefoarmation

Figure A-30 Force-deficetion mode! for restraint system webbing.




LIME 12A: Lap Belt Anchor Points and Footrest, Passenger No. 1+

RESCRIPTION:

system.

FORMAT AND EXAMPLE:

Coordinates of right and left lap belt anchor points i airczaft coordinate

" 1 2 3 4 I < IO/
1234567890) 1234567800 [234567890] 1234567890] 1224567890, 1234507 890! V_l‘il’;%-‘lﬁﬁléﬁ_‘)(ﬁ
XLB{1,D 7 YLB(,1) | ZLB(,D) T XLB(@,1) | YLB(2,1) | ZLB(.1) i
12.5} -30.45 15.C (2.5 -10.4 15.C N

FIELD FORMAT  CONTENTS

XLB(1,1) 3F10.9 Coordinates of right-hand lep beir anchor point in aircraft coordinate

YLB(1,1) system (in.)

ZLE(L1)

XLB{2,1) 3F'0.0 Coordinates of left-hand lap belt anchor point in aircraft coordiiate

YLBEZ, 1 system (in.).

ZLB(2,D)

x ¥ !

Pactudnd ondyval INEATUL = 1 o

T
FSUNCI




LalNE 233 Lap Beli Anchor Feints ana Footrest, Casseager No. 2

DESCRIPTION: Ceorcinnies of tight and efl 'ap belt anchor poings in aircraft coordinate
SYstom

FQRMAT AN A AMPTL:

o g N g TR i 7
fmamms{i‘mm“& W {734567890] 1234557800 12345673901 1234567890] 1234567830
KCB( D) [ YEBOAZY CZ0B(LAY | XUBEY | YEBQRY | ZiB(Z2)

I YE 104 G 125 10.04 15.0

XLB(1,2) AR “oordinates of right-hiang lap beit anchor point .n aircraft coordinase
YLB(:,2) system (in.).

Z1.B(1,2)

XLRB(2,2) 3F10.0 Coorlinaice of left-hand lap belt anchor peint in aircraft coordinate
YLR(,2) system (in.),

ZLR(2.2

Shacludedonty FTYPE o Dand ISEATZY - Ton Lane 3




LINE 12C: Lap Belt Anchor Points and Footrest, Passenger No. 3%

DESCRIPTION: Coordinates of right and left lap belt anchor points in aircraft coordinate
system.
FORMAT AND EXAMPLE:
1 2 3 4 S [ 7]
1234567890[1234567890] 12345678907 12345678901 1234567890]1234567890] 1234567890
XLLB({1,3) | YLB(1,3) j ZLB(1,3) | XLB(2,3) | YLB(2,3) | ZLB(2,3)
12.5 10. 15.( 12.5 30.( 15.
TELD FORMAT CONTENTS
XLB(1,3) 3F10.0 Coordinates of right-hand :ap beit anchor point in aircraft coordinate
YL.B(1,3) system (ir.).
ZL.B(1,3)
XLB(2,3) 3F10.0 Coordinates of left-hand lap belt anchor peint in aircraft coordinate
YLB(2,3) system (in.).
Z1.B(2,3)

Sncluded only tHFEYPE - Sand ISEATCY - oo Dine 3,

A1E




LINE 13: Shoulder Belt Properties (used only if IRSYS > () *

DESCRIPTION:

deflection at point 1 are assumed to be zero.

FORIMAT AND EXAMPLE:

Tables of forces and deflections define an approximation to force-deflection
curve by three linear segments, as iliustrated in Figure A-3. The force and

1

2

y|

o

7

1234567890

1234567890} 1234567890

1234567860

1234567890

1234567890(1234567890

FESH(2)

FESH(3)

FFSH(4)

DDSH()

DDSH(3)

DDSH(4)

FIELD FORMAT  CONTENTS

FFSH
DDSH

3Fi10.0
3F10.0

Forces (Ib

).

Strain corresponding to forees (in./in.).

»Notused in sample case, therefore hlank.

A 1Y




LINE 14A, 14B, 14C: Shoulder Belt Anchor Points (used only if IRSYS > (h*

DESCRIPTION: Coordinates of shoulder belt anchor point in aireraft coordinate system,

FORMAT AND EXAMPLE:

] p) g 7 5 2 7
1234567890 1234567800] 1234567890] 1234567890 1 234567800] 1 23456 7800] 1234567800
XSH(1) | YSH(D) | ZSH(D) | BUKL(D | XTRAL(D
XSHZ) | YSH(2) | ZSH3) | BUKL( TXTRAL(D)
XSHG) | YSH3) | ZSH(3) T BUKL(GY [XTRAL(3)

FIELD FORMAT CONTENTS

XSH(1) 3F10.0 Coordinates of shoulder belt anchor point in aircraft coordinate

YSH(1) system, or point from which belt passes to shoulder in a straight

ZSH(1) line.

BUKL F10.0 Length of lap belt webbing attached to buckle, as illustrated in
Figure A-1.

XTRAL F10.0 Length of shoulder strap beyond (XSH, YSH, ZSH) if strap is not
in straight line from anchor point to shoulder, as shown in Figure A-
4 (not used iIf IRSYS =0).

Lines 14B and 14C repeat Line 14A for passengers 2 and 3; they are included only if NOCC>1.

SOt used osimpie case thersfoere blank O




XSH(1), YSH(1), ZSH(1) —

—

__ XTRAL

\-o

@ <N\

Figure A-4. XTRAL dimensions for snoulder belos

on e 14

T —————



LINE 15: Tiedown Strap Properties (used only if IRSY'S = 4)*

RESCRPTION: Table of forces and deflections define an approximation to force-deflection
curve by three linear segments, as illustrated in Figure A-3. The force and
defiection at point 1 are assumed to be zero.

FORMATAND EXAMPLE:

1 2 3 4 5 & 7
1234567890] 12345678901 1234567890] 12345678901 1234567890[ 1234567890] 1234567830
FFTD(2) | FFID@3) | FFTD(4) | DDTDR) | DDTD@E) | DDTD@4,

HIEL FORMAT CONTENTS
FFTD 3F10.0 Forces (Ib).
DDTD 3F10.0 Strain corresponding to forces (in./in.).

CNOUuscd i e wase s diciesare hinek




LINE16AL LGB, 16C: Tiedown Strap Anchor Points (used only if IRSYS = 4)*

DESCRIPTION: Coordinates of lap belr tiedown strap anchor peints in aircraft coordinate
system.

FORMAT ANR EXAMELE:

{ pi| 3 4 6 7
T23455TR0C] 123456 7890[1234567890] 1234367890 12345673?5% 1234567890]{ 1234567890
XIDE | YID() | Z1D()
XID(2) | YID(2) | ZID0)
XTD(3) | YID(Q) | ZIDQ)

FELD FORMATY CONTENTS

KT 3F10.0 Coordinates of right-hand lap belt anchor point in aircraft coordinate
YTI{1) system (in.).

ZTD()

Lines 16B and 16C repeat Line 16A for passengers 2 and 3; they are included only it NOCC>1.

ANt uved s e cave therefore blank




LANE 17 Addinonal Belt Propenies
DESCRIPTION: Damiping coefficient and belt stack for lap belt, shoulder beli(s), and “

ticdown strap.

ECRMAT AND EXAMPLE:

123456'7895 12342 6789% 1234567 893 1234567893 1234567’89(5)I 1234567 898 1234567 893
DPLB SLLAB DPSH SLSH DPTD SLTD
0.8 0.0
FIELD FORMAT CONTENTS
DPLB F10.0 Lap belt damping coefficient (1b-sec).
SLAB F10.0 Lap belt slack (in.).
DPSH F16.0 Shoulder belt damping coefficient (1b-sec).
SLSH F10.0 Shouldei telt slack (in.).
DPTD F10.0 Tiedown strap damping coefficient (Ib-sec).
SLTD F10.0 Tiedown strap slack (in.).




LINE 18: Other seating ard restraint data

DESCRIPTION: Friction coefficients and footrest location.

FORMAT AND EXAMPLE:
| - ~ 4 5 o . 7
1234567890) 1234567890] 1234567890} 1234567890[1234567890] 1234567890] 1234567890
COEFFS T COEFEFR XFR ANGFR -
0.1 0.2 0. 0.
FIELD FORMAT CONTENTS
COEFFS F10.0 Seat cushion friction coefficient,
COEFFR F10.0 Floor-foot friction coefficient.
XFR F10.0 X-coordinate of footrest in aircrafi ccordinate system, at intersection

with floor, where 7 =0,

ANGFR F10.0 Angle between footrest and floor it degrees.




LINE 19: Aircraft Initial Position

DESCRIPTION: Components of aircraft initial position, in earth-fixed coordinate system,
and attitude.
FORMAT AND EXAMPLE:
1 p) 3 4 5 g 7]
123456789011234567390] 1234567890] 1234567890] 123456759C] 1234567890) 1234567850
XA YA ZA YAW PITCH ROLL
0.0 0.0 0.0 0.0} 0.0 9.0

HELD FORMAT  CONTENTS

XA 3Fi0.0 Position of aircraft coordinate system in inertial system (earth-fixed

YA system in which gravity acts in the -Z direction) (in.). These initial

ZA coordinates are normally taken as (0., O, 0.) unless displacement
ron a specific point is desired. For example, if the simulation is to
baintated at some horizontal distance from a barrier, such as 60
in., (e 1mnitial position could be specified as (-60., 0., 0.). If the
simulation is 0 begin 10 in. above thie ground in a vertical drop, the
initial postticn ceuld be specified as (0., 0., 10.). These coordinates
are not used in the simuiation but only in output of aircraft positicn.

YAW 3010.0 Initial attitude of aircraft relative to earth-fixed system (deg).

PITCH

ROLL G




LINE 20: Awcratt Inidal Verocity

DASCRIPTION: Components of aircraft initia! velocity, in aircraft coordinate svstem,
translation and rotation.
FORMAT AN EXAMPLE:
[ ; 3 3 7 i
@45672?0 123456789001234567890] 12345678901 123456789%0[1234567890] 1234567890
VX VY VZ DYAW T DPITCH | DROLL
30. 0. 3. (. (). 0.0 ]
FIGL FORMAT  CONTENTS
VX 3F10.0 Components of aircraft initial velocity in aircraft coordinate sysiem
VY (ft/sec).
\/A
DYAW 3F10.0 Yaw, pitch, and roll rates (rad/sec).
DPITCH

DROLL




VORI | SRR 7 ! I —

LIME 21: Aircraft Acceleration
DRESCEAFTION: The time vailation of ine six compenents of the acceleration of the aircraft

coordinate system is approvimated by up to 40 points in acceleration and
time. NIMPT lines must be includod (up to 40).

FORMAT AND EXAMPLE: (4 lines for NIMPT = don Ling 3))

ras

1 2 E 4 5 [ 7
1234367800 1234567890 123436730011 2 3456TRG0 1 3436 7RG0] {23450 789001 234367800
TA AX AY ] AL AYAW APIT ~ARCL. }
0.0 0.0 0.0 g.0 mv"ﬂft’} 0.6 _ ' OT‘
0.010 -6.0) 0.4 0.0e {3.G “Mﬁ,(} _ ‘\’,h‘
i 0.155 -6.0 0.0 MMO.( {0 oy a1 !
0.15 0.1 00 TH 0.4 oo
HIELD FORMAT  CONTENTS
TA Fi10.0 Time (sec).
AX 100 X-acceleration (G).
AY F10.0 Y -accelsration (G).
AZ F100 Z-accaleration (G
AYAW F10.0 Yavw icceleration {rad/sec/sec). ‘
APIT F10.¢ Piwch acceleraion (rad/sec/scc).
AROL Fi1g.0 Rosl acceleration (rad/secisec).




LINE 22: Occupant Inuic! Position, Pussenger No. |

DESORIETNIN: Initial posivion angles and heel X-position, as illustrated in Figure A-5. The
hzels are assumed to begin at Z = 0. The torso is aligned according to
GAMQ,1), GAM(2,1), and GAM(3,1), and the position 1s then determined
from static equilibrium, allowing for compression of the cushions. Also,
the Y-coordinate of the occupant plane  ~ svmrmetry is included. (Line 22
must be included for each occupant, three in this example.)

[ i —x J 4 q 7]
VATEL F50| 173436 T890] 1234567800 1234567890] 1234567800| 1734567830
{ GAM(LD | GAM(LT) | GAMG.T) | GAM(.D) [ GAMG.D) [ XHEEL(D)| YPASS()
S 7.0 16, 60. 32.0 220,

GAM(LY) 5F10.0 Vecor of initial position angular coordinates, as illustrated in Figure
A-5 (deg).
XHEEL() Fi10.0 X-coordinate of heels in aircraft coordinate system (in.).

YPASS(1)  Fl10.0 Y-coordinate of mid-plane (plane of symmetry) for occupant (in.).
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LANE 22: Occupant initial Positior, Passenger No. 2 (included oniy it NOCC>1)
DESCRIPTICN: initial position angles and heel X-position, as illustrated in Figure A-5. The
heels are assumed o begin at Z = (. The torso is aligned according to
GAM(1,2), GAM(2,2), and GAM(3,2), and the position is then determined
from static equilibrivm, allowing for compression of the cushions. Also,
the Y-coondinate of the occupant plane of symmetry is included.

i ? K g 6 7
123456789071 12345678901 123456789011234567890[1234567890]1234567890]1234567890
GAM1,2) 1 GAM(2.2) | GAM(@3,2) | GAM®,2) | GAM(5,2) | XHEEL(2) | YPASS(2)
-16.0 -16.0 7.0 14, 60.03 32.0) 0.
FIELD FORMAT CONTENTS
GAM(,2) 5F10.0 Vector of initial position angular coordinate, as illustrated in Figure
A-5 (deg).
XHEELZ) F10.0 X-coordinate of heels in air-raft coerdinate system (in.).
YPASS5(2) F10.0 Y -coordinate of mid-plane (plane of symmetry) for occupant (in.).




LINE 22: Occvpant Initial Position, Passenger No. 3 (included only if NOCC = 3)

DESCRIPTION: Initial position angles and heel X-positicn, as illustrated in Figure A-5. The

heels are assumed to begin at Z = 0. The torso is aligned according to
GAM(1,3), GAM(2,3), and GAM(3,3), and the position is then determined
from static equilibrium, allowing for compression of the cushions. Also,
the Y-coordinate of the occupant plane of symmetry is included.

FORMAT AND EXAMPLE:
1 ) 3 4 5 6 7
12345678901 1234567890} 1234567890]1234567890§ 1234567890] 1234567890} 1234567890
GAM(]1,3) | GAM(2,3) | GAM(3,3) | GAM(®4,3) | GAM(5,3) | XHEEL(3) | YPASS(3)

-16.( -16. 7.0 -16. 60. 32.0 20.0
FIELD FORMAT CONTENTS
GAM(,3) 5F10.0 Vector of initial position angular coordinate, as illustrated in Figure

A-5 (deg).

XHEEL@(3) F10.0 X-coordinate of heels in aircraft coordinate system (in.).
YPASS(3) F10.0 Y-coordinate of mid-plane (plane of symmetry) for occupant (in.).




LINE 22A-221: Nonstandard Occupaun: Input Data*

If nonstandard cccupants are requested by sctting IMAN = 2 (human) or IMAN = 3 (dummy; on
Line 3, then 12 additional lines must be inserted for each occupant. The format for these 12 lines,
referred to as 22A - 22L, is explained on the following 15 pages. If IMAN = 0 (standard 50th -
percentile human) or IMAN = 1 (standard 50th-percentile dummy), skip this section and proceed 1o
Line 23. .

*Hhese haes must he provided for cach occupant after cach Line 22 specitying conesponding
oveupant miial posicon. They are sot inctuded i the sample case, bat anexanple o provided
Appendix B




LINE 22A: Scgment Lengths (only it IMAN =2 or 3)

DESCRIPTION: Lengths of the spine and segments 3, 4, 5, 8, and 9 as described in Figure Q
A-6. The lengths of segments 6, 7, 10, and 11 are obtained from these by
symmietry {in.).

FORMAT AND EXAMPLE:

123456'789& 1234567895 1234567893 1234567893 1234567898 1234567898 123456785%
SPL XL(3) XL(4) XL(5) XL(8) XL(9)
FIELL FORMAT  CONTENTS
SPL F10.0 Spinal length.
XL(3) F10.0 Head length.
X144 £10.0 Upper arm lengih.
XL(5) F10.0 Lower arm lengtl: - elbow to mid-point of hand.
XI.(8) F10.0 Upper leg length.
XL(9) F10.0 L ower leg length - knee to ankle. ‘




@ Center of Mass
@ Joint

c---0 Beam-Column Eiement

TN
EN .

N

R, K C\)
,’
Froare A 6, Body segrment dimensions



LINE 22B: Segment Center of Mass focation (only if IMAN =2 or 3)

DESCRIPTION: Centur of mass locations. for segments 1, 2, 3, 4, 5, 8, and 9. See Figure
A-6 for daturn plane des..ription (1n.).

FORMAT AND EXAMPLE:

1 3 & & 7

T334367890] 1234567800 1234567800 1234567890 1234567896 12345678901 1234567890
RHO1) RHO(2) FHO(3) RHO4) RHO(5) RHO(3) RHO(Y)

FIELD FORMAYT  CONTENTS

RHO(1) F10.0 l.ower torso center of mass vertical distance from hip pivot.

RHO(2) F10.0 Upper torso center of mass distance from base of neck.

RHO3) F10.0 Head center of mass distance from base of neck.

RHC(4) F1C.0 Upper arm center of mass distance from shoulder pivot.

RHOG) F10.0 Lower arm center of mass distance from elbow pivot.

RHO(8) ©10.0 Upper leg center of mass distance from hip pivot.

RHO(®) F10.0 Lewer leg center of mass cistance from knee pivot. '

A-36




LINE 22C: Segment Weight (only if IMAN =2 or 2)
DESCRIPTION: Weights of segments 1, 2, 3,4, 5, &, and 9 (Ib).
FORMAT AND EXAMPLE:

1 3 g 3 , 7
1234567800 12345678001 1234567890] 1234567890] 12345678901 1234561890} 1234567800
SW() SW(Z) SW() SW& SW(5) SWE) SW(O)

[

FIELD FORMAT CONTENTS

SW(1) F10.0 Lower torso weight.
SW(2) F10.0 Upper torso weight.
SW(3)} F10.0 Head/neck weight.
SW(4) Fi0.0 Upper arm weight.
SW(5) IF10.0 Lower arm weight.
SWi8) F10.0 Upper leg weight.
SW(%) +10.0 Lower leg weight.




LINE 22D: Segment Moment of Inertia with Respect to 1.ocal x-axis {only if IMAN =2 or 3)

DESCRIPTION: Moments of inertia with respect to x-axis for segments 1, 2, 3, 4, 5, 8, and ’
9 (Ib-in.-sec?).

FORMAT AND EXAMPLE:

1 2 3 4 S5 6 7
1234567890[ 12345678901 1234567890] 1234567890] 1234567890} 1234567840] 1234567890
CIX(1) CIX(2) CIX(3) CIX(4) CIX(5) CIX(®) C1X(9)

FIELD FORMAT  CONTENT
CIX(1) F10.0 Lower torso x-axis moment of inertia,
CiX(2) F10.0 Upper torso x-axis moment of inertia.
CIXQ(R) F10.¢ Head/neck x-axis moment of inertia.
CIX(4) F10.0 Upper arm x-axis moment of inertia.
CiX(s) Fi0.0 Lower amm x-axis moment of inerta.
CIX(8) F10.0 Upper leg x-axis moment of inertia.
CIX(9) F10.0 Lower leg x-axis momen! of inertia.

AR




LINE 22E: Segment Moment of Ineriia with Respect to Local y-axis (only if IMAN =2 or 3)

DESCRIPTION: Moments of inertia with respect to y-axis for segments 1, 2, 3,4, 5, §, and
9 (Ib-in.-sec2).
FORMAT AND EXAMPLE:
| pi k| 4 3 7

T334567500| 1234567800] 1234567800 1234567800 1?’34567896' 1234567890] 123456789
CIY(1) CIY(2) CIY(3) CIY(4) CIY(5) C1Y(8) CIY(9)

HELDR FORMAT  CONTENTS

CIy(1 Fi10.0 Lower torso y-axis moment of inertia.
ClY(2) Fi0.0 Upper torso y-axis moment of inertia.
Cry(3) F10.0 Head/neck y-axis moment of inertia.
CTY(4) F106.6 Upper ann y-axis moment of inertia.
ClY (5 Fi10.0 Lower arm y-axis moment of inertia.
CIY(8) F10.0 Upper leg y-axis moment of inertia.

CIY(9 F10.0 Lower leg y-axis moment of inertia.




LINE 22F: Segment Moment of Inertia with Respect to Lacal z-axis (only if IMAN =2 or 3)

DESCRIPTION: Moments of inertia with respect to z-axic for segments 1, 2,3, 4, 5, &, and ”
9 (Ib-in.-sec2).

i T 3 d 5 I 7
T234567890[ 1234567 390] 1234567890[ 1234567800 123456180001 1234567 890] 1234567 890
Ciz(D CIZ(2) 72D ClZ{d) Cielsy CIZ(%) CIZ9)

FELD ~ FORMAT  CONTENTS
Cl1Z(1) F10.0 Lower torso z-axis moment of inertia.
CI1Z(2) F10.0 Upper torso z-axis morent of inertiu.
CIZ(3) F10.0 Head/meck z-axis moment of inertia.
ClZ(4) F10.0 Upper anm z-axis moment of incrtia.
CIZ(5) ¥10.0 Lower arm z-axis moment of inertia.

CIZ({8) F10.0 Upper leg z-axis moment of inertia.

ClZ F10.0 Lower leg z-axis moment of inertia.

A




LINE 220 Contact Surface Radii (only if IMAN =2 or 3)

DESCRIPTION: Radii of contace surfaces 1, 2, 3,4, 5 8, and 9 (in.). (See Figure A-7 and
Table A-1 for human occupant.)

FORMAT AND EXAMPLE:

| p) A g s 7
T2 TASETROD| 1234567 800] 1234567490 1234567800] 1234567800 1234367800 1234367800
XE(IS XR(D) XR(3) XR(4) XR() KR XR{G)

FIELD FORMAT CONTENTS

XR(1) FI10.0 Radius of lower torso contact surface ellipsoid.
XR{2Z}) F10.0 Radius of upper torso in mid-saggital piane.
XR(3 F10.0 Radius of head in mid-saggital plane.

XP.(4) F10.0 Radius of upper arm contact surface cylinder.
XR(5) Fi0.0 Radius of lower arm contuct surface cyvlinder.
XR(8) F10.0 Radius of upper leg contact surface cylinder.
XR(9) F10.0 Radius of lower leg contact surface cylinder.
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TABLE A-1. STANDARD CONTACT SURFACE DIMENSIONS

Surface

Pelvis
Chest
Head
Ann
Forearm
Thigh
Leg
Knee
Foot
Hip
Shoulder
Elbow
Hand

R4,R¢
Rs5,R7
Rg,R10
Rg,Rn
Ri2,R13
R14,Ry5
Ki6.R17
Ri1g.R19
R2o,R21
R22,R23

Fraction

of Stature

(RyS)
.0579
0.0689
0.0485
0.0263
0.0243
0.0466
0.0344
0.0373
0.04C5
0.0515
0.0378
0.6208
0.0339

Actual Dimension
for SOth-
Percentile Human
Malg (1n.)

4.00
4.76
3.35
1.82
1.68
3.22
2.38
2.58
3.10
3.5¢
2.61
185
2.34




LINE 22H: Contact Surface Radii Continued {only if IMAN =2 or 3)

DRDESCRIPTION: Radii of contact surfaces 12, 14, 16, 18, 20, and 22 {in.).
FORMAT AND EXAMPLE:
1 2 3 4 3 6 7
1234567890 1234567890] 1234567890[1234567890]1234567890)] 1234567890)] 1234567890
XR(12) XR(i4) XR(16) XR(18) XR(20) XR(22)
FIELD FORMAT  CONTENTS
XR(12) ¥i0.0 ¥ adius of nec': contact surface ellipsoid.
XR(14) F10.0 Raduis of foot contact surface sphere.
XR{16) Fi0.0 Radiu: of hip contact surface sphere.
XR{18) ¥10.0 Radius of shoulder contact surface sphere.
XR(20) ¥10.0 Radius of elbow contact surface sphere.
XR{22) F10.0 Radius of hand contact surface sphere.

A




LINE 221: Spherical Joint and Center of Mass Offset Distances (oniy if IMAN =2 or 3)

RESCRIPTION: Distances that spherical joints (shoulder and hip) are laterally offset from the
mid-saggital plane, and the anterior offset of the major upper body segment
(lower torso, upper torso, and head) center of masses from the spine. (See
description of distances in Figure A-6.) Dimensions are in inches.

FORMAT AND EXAMPLE:
1 o 3 4 6 7
12345678901 1234567890 1234567890} 1234567890 1234567890[ 1234567890] 1234567890
XLH XLS EM(1) EM(2) EM(3)
|
FIEELD FORMAT CONTENTS
XILH F10.0 Lateral distance of center of hip joint from mid-saggital plane.
XLS F10.0 Lateral distance of shouider joint from mid-saggital plane.
EM(1) F10.0 Anterior offset distance of the lower torso center of mass from the
spine.
EM(2) F10.0 Anterior offset distance of the upper torso center of mass from the
spine.
EM(3) F10.0 Anterior offset distance of the head center of mass from the spine.




LINE 22): Abdomen and Chest Compliance (only if IMAN =2 or 3)
DESCRIPTION: Estimated force-deflection characteristics (compliance) of occupant chest Q

and abdomen under restraint system loads. The force, F, is computed from
cushion deflection, 8, according to F = C(eBd - 1).

FORMAT AND EXAMPLE:

1 2 3 4 5 O 7
12345678901 1234567890 1234567890 123456789011 234567890 1234567890] 1234567890
CABD BABD CCHE BCHE

FIELD FORMAT CONTENTS

CABD F10.0 Coefficicat C for abdomen compliance (Ib).
BABD F10.0 Coefficient B for abdomen compliance (in.” 1),
CCHE F10.0 Coefficient C for chest compliance (Ib).
BCHE F10.0 Coefficient B for chest compliance (in.” ).

Ao




LINE 22K: Axial Stiffness and Damping Properties for Spine and Neck (oely if IMAN = 2 or 3)

Pl ot s A ANrda l' ] 1 X )l

DESCRIFPTION: Axiai force-deflection characteristics for the spine and neck beam maodels
and associated axial damzping. “he force, F, is computed from deficotion,
5, according 0 F = C(eBo - 1),

FORMAT AND EXAMPLL:

i p)| 3 4 3 0 7
1234557800] 12345678004 1234567890 1234567 8901 123456 78901 12343678701 1234567890
CAXS BAXS DMP5 CAXN BAXN DMPN

VIELD FORMAT  CONTENTS

CAXS Fi0.0 Coefficient C in above equation fx axial spinal stiffness (Ib).
BAXS F10.0 Coefficieni B in above equation for axial spinal stiffness (in.-1).
DMPS 100 Axial damping in spine (Ib-sec-in."1).

CAXN F10.0 Coefficient € in above equation for axial neck stiffness (1b).
BAXN F10.0 Coefficient B in above equation for axial neck stiffness (in.-1).
DMPN £10.0 Axial damping in neck (Ib-sec-in."1).




LANE 221 Roiational StiTaess and Damping Properdes for Spine and Noeck tonly if IMAN =2 or
£))

RESCRIFTION:

FORMAT AND EXAMPLE:

Rotational momert-angle characteristics for the spine and neck beam models
and associated rotatiopal damping. The moment, M, 1s computed from

angular deflection, &, according to M = (',‘((:B8 -1,

H 2 I 5 KN 7
123456789G] 12345678 12345678901 12345678901 12345678901 12345678901 1234567890
| CROT(!) T BROT(L) X1 CROT(2) | BROT(: X1(2)

FIELD FORMAT CONTENTS

CROTD *10.0 Coetficient C in above equation for rotational spinal stiffiness
(in.-1b.).

EROT() F10.0 Coefficient B3 in above equation for rotational spinal stiffness

Gad .

XI(1) F10.0 Rotational daniping in spine (Ib-sec).

CROT(Z) F10.0 Coefficien C in above equation for rotational neck stiffness
(in.-1b).

BROT(Z; F1400 Coefficient B in above equation for rotational neck stiffness
(rad-1).

XJ(2) F10.0 Lotatioenal damping in neck (Ib-sec).




LINE 23 Seai Geowetry

DESCRIPTION: Dimensions of seai model as shown in Figure A-8.
FORMAT AND EXAMPLE:

i ) 3 4 5 q_ ki
12375&7890] 1234567890] 1234567890] 12345678901 12345671890] 1234567890} 1234567800

XSEAT ZSEAT ANGSP ANGSB XI.PAN XWPAN SBHT
10.0 12.0§ 8.0 16.0 15.1 20. 39.(X

FIELD FORMAT  CONIENTS
KSEAT 2F10.0 X- and Z-coordinates (in aircraft-fixed system) of intersection of
ZSEAT seat pan and seat back planes under the cushions (in.).
ANGSP 2F10.0 Seat pan and seat back angles (in aircraft-fixed system), directions
ANGSB as defined in Figure A-8 (deg).
XLPAN F10.0 Seat pan length (in.).
XWPAN F10.0 Seat pan width (in.).
SBHT F10.0 Seat back height (in.).
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Al ENERGY-ARSORBING SEATINPUT

Lines 24 through 26 provide input for an energy-absorbing seat option, which can be used only if
NSEAT =0 on Line 3. If the stroking seat weight, SEATM, on Lin. '4 is zero (or blank), this
option 1s not used and any data on Lines 24 through 26 are ignored. It SEATM is nonzero, the
energy absorber force-deflection data illustrated in Figure A-9(a) must be provided on Line 25. If
the mass rnoment of inertia of the seat with respect to the Y-axis, YISEAT, is nonzero on Line 24,
then momeni-rotation data must be provided on Line 26. '

If NSEAT = 1, indicating use of the finite element seat model, Lines 24-26 are ignored, and seat
data centinue with Line 27.

Note: This example uses the finite element seat model, so that Lines 24-26 are blank.
However, sampie case no. 3 uses the energy-absorbing seat option.




DESCRIPTION: Parameters for the two-degree-of-freedom (seat stroke and rigid-body G
rotation) energy-ebsorbing sear model. (See Figure A-9 for a detailed
description of the parameters.)

FORMAT AND EXAMPLE:

~J

1 2 3 4 5 6
1234567890} 1234567850[1234567890] 12345678901 12345678901 12345678901 123450789
SEATM ANGEA | SUNLOD | SDAMP YISEAT | RUNLOD | RDAMP

I

l

~—d

FIELD FORMAT CONTENTS

SEATM F10.0 Weight of movable part of energy-absorbing seat (1b).

ANGEA FL1O.G itré;t:ing angle for guided energv-absorbing seat (deg), see Figure
-Gb.

SUNLOD 100 Energy absorber unioading slope (Ib/in).

SDAMP F10.0 Damping coetficiem tor the energy absorber (Ib-sec/in.).

YISEAT 10.0 Mass moment of inertia of the scat about i lateral axis through point

O Gn Figure A8y with coordinates X = XSEA'T, 7= 0 (Ib-mn.-

b
SCCT). ‘

RUNLOD Fro Unloading slope tor rotational deformaton of seat (ns- Ib/rad).

RDAMP 1100 Rotanonai damping cocfticient for the seat (i seo).
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LINE 25: Energy Absorber Data

RISCRIPTION:

FORMAL AND EXAMPLL':

Energy absorber force versus deflecrion (ustrated 1o Tigure A-9a).

12.5456789(; 12.’54567893 1234567893 12345()'78‘)3 1234567895 12;'445()789((; ! ’23456'78‘)3
FFEA(2) | FFEAQ3) | FFEA(4) | DDEAQ) | DDEAQ3) | DIDEAM)

FIELD FORMAT CONTENTS

EZ 3F10.0 Energy absorber torce (Ib).

5

D;Z 3F10.0 Deflactions corresponding to above forces (in.); see Figure A 9a.




LINE 26: Rigid Seat Rotational Stiffness Parameters

DESCRIPTION: Applicd morpent versus seat rotational angle as shown in Figure A-10.
P g g

FORMAT AND EXAMEBLE:

i 2 3 4 3 o . 7]
1234567890 1234567890] 1234567890 1234567890] 1234567%90{ 1234567890} 1234567890
FERT(2) | FERT@3) | FFRT(4) | DDRT(2) | DDRT(3) | DDRT()

FIELD FORMAT CONTEMTS

FFRT(2) 3F10.0 Applied moment on rigid seat (in.-1b).
FFRT(3)
FFRT(4)

DDRT(2) 3F10.0 Angular seat displacement (rad).
DDRT(3)
DDRT@4)




Moment - in.-ig.
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DDRT (2) DDRT (3) DDRT (4)

Angular defiection - rad

Frgure A 100 Rigrd ceat model rotational stifiness.




A2 NONRIGID SEAT INPUT

If a nonrigid seat is requested by seiting NSEAT = 1 on Line 3, then the input data described on
the following lines is required to define the finite element seat model.




LINE 27: Basic Seat Model Data

DESCRIPTION: Control integers for finite ¢clement model describing the number of nodes,
elements, materials, and cross sections in the modgl, and the number of
plots.

FORMAT AND EXAMPLE:

! 2 3 4 S 6 7
1234567890112343567890]11234567890{1234567890[1234567890[123456789(]{1234567890

INUMNPINUMELINUMATINUMDSINCORDNSECT | NSPLT
o\ I A . I D

FIELD FORMAT CONTENTS

NUMNP 5 Number of real nodes.

NUMEL 15 Number cf elements.

NUMAT 5 Number of materials (up to 8).

NUMDS I5 Number of displacement-specified node points (at which the aircraft
displacement, velocity, and acceleration are applied).

NCORD I5 Number of inactive beam pointer nodes, which are used to orient the
y-axes of beam cross sections. A real node can be used as a pointer
node. Also, a single node can be used as a pointer node for more 0
than one beam.

NSECT I5 Number of different beam cross-section types (up o 10).

NSPLT I5 Number of requested seat position plots (up to 20).

\ 5K




LINE 28: Miscellancous Control Flags

DRESCRIPTION:

FORMAT AND EXAMPLE:

Parameters for controlling execution of finite element seat simulation,

1

2

|

5

7!

1234567890

1234567890

1234567890

1234567890

1234567890

1234567890

1234567890

KINTRL [KNTRL

Q) | @&
5

e

FIELD  FORMAT  CONTENTS

KNTRL(1)

KNTRL(2)

I5

I5

Maximum number of iterations for convergence within a time step

(default is

5).

Number of increments to enforce the floor warping. (See Lines 43
and 44.) A value of 10 is recommended for cases where the floor
warping produces plastic and/or large deformations of the seat

siructure.

Aoy




LINFE 29: Seat Plot Times and Viewing Angles (number of lines required = NSPLT on Line 27)

DESCRIPTION: Times when seat structure plot data are to be stored on unit 20, which must
be saved as a permanent file for subsequent plotting. The elevation and
aximuth angles corresponding to each ame are illustrated in Figure A-11.

FORMAT AND EXAMPLE:

i ) 3 4 g B 7
1234567890] 1234567890] 1234567890 1234567890| 1234567890] 1234567890} 1234567890
TSPLT | THEPLT | PHIPLT

0.0 45.0) 20.0

0.025 4570 20.0

0.050 45.0 20.0

0.075 435.0 20.0)

0.100 45.0) 20.0
0125 450 20.0
_ 0150 450 20.0)
~T0.I75 45.0 20.

FIELD FORMA'T  CONTENT

TSPLT F10.0 Plot times (sec).
THEPLT F10.0 Azimuth angle for viewing seat plot (deg).
PHIPLT F10.0 Elevation angle for viewing seat piot (deg).

A 6l




/ﬂ Viewing position
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6 = Azimuth angle in X-Y plane in degrees (-180° < 9 < +180°)
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Frigure A by, Anguliw coordinates for viewing of seat models.
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LANE 30 Nodal Output Selection (used only v WU T(R) > O)

DESCRIPTION: Node numbers, in pairs, 1o specity which ¥, ¥, Z displacements are to be

s

printed. (The node numbers are delined on Line 58.)

FORMAT ANR EXAMPLE:

i p) 3 4 3 A g
12345678907 12345078601 2 3456TRON 1234567 R0 [T 3486 TR T 3456 TR0 T 2 5456 TR0
KNODE HECNGDE FNODRETRNODE } KINODE N ENODE]KMNODE § R NODETKNODE JKNODE

Wi @il ]l e iomlb @ 1a
1 20

FIELD FORMAT  CQONTENTS

KNODE S(ZI5) Nodal displacemnents printed for nodes beginning with KNODE(
through KNODEI+1), inclusive. Up to 5 pairs of nodes are
permitted.




AN Beam Load and Stress Selection (used only o [QUT(I0} = 0)

DESCGPTION: Iilcment numbcrg, i}l pairs, 1o :9[?)(:czify which SIESSES Are 10 be prim_(::d.
Maximum and minimum vaites of stress are printed at both ends of selected
beams.

FORMAT AND EXAMPLE:

1 , 3 4 5 O |
1234567890[1234567890(1234567890{1234567890]1234567890}1234567890[1234267890

F.AMK}{BEAMF(BE BEAMIKBEAMIKBEAMKBEAMK BEAMIKBEAMK BEAM
(1)1 (’2){27 Gl LG Lo 1 D 1 8 1 ©) {(10)

KBEAM 5215 Loads and stresses printed for beam elerents beginning with
KBEAM(I) through KBEAM(I+1), inclusive. Up to 5 pairs of
elements are permitted.




BN 320 Seat Structure Cugpuat Time Tnierval

PESLEIPTION: Interval at which nede and element data indicatad on Lines 30 and 31 are to
he: printed.

FORMAT AN EXAMPLL:

r I i 3 K g I

TR T RO C TSGR 2 A& TR0 X356 THOD| T3 3436800 1234567 800] 12 34567500}

“DTSEAT .
0.025

FIELD, FORMAT  CONTENTS

DTSEAT Fi10.0 Time interval in seconds.




LINE 33: Material Type Number

DRESCRIPTION: Material type designation number. Repeat group 33 through 35 in sequence
NUMAT times, as specified on Line 27, one sequence for each material.

FORMAT AND EXAMPLES:

1 2 3 4 5 7
1234567890]1234567890]1234567890{123456G7890[1234567890|1234567890]1234567890
MTYP MAT

1} 2024-T4 A _
FIELD FORMAT CONTENTS
MYTP IS Material type designation number. The element daa on Line 39
specifies the material type by referring ro this nomber.
MAT A10 Material type description used as heading for material property
output.

A0




JLINE 34: Material Properties

DESCRIPTION: Material physical properties as described in Figure A-12.

FORMAT AND EXAMPLE:*

I pi| 3 4] 5 G 7l
123456789011234567890] 12345G7890] "3456789011234567890f 1234567890] 1234567890
(1) E(2) EQG) E@4) B(5) E(6) E(7)

2.588E-4 10.5E6& 44000, 4.9E5 02000. 0.3
FIELD FORMAT  CONTENTS FOR BEAM ELEMENT
E(1) F10.0 Density (b-sec?/in.4).
E) FI1G.0 Modulus of elasticity (Ib/in.2).
E(3) F19.0 First yield stress; Sy (Ib/in.2) = 0 if efastic.
E(4) F10.0 First plastic modulus (Ib/in.2) = 0 if elastic.
E(5) F10.0 Not used.
1L6) F10.0 Ultimate stress: Suc(Ib/in.?y = 0 1t efastic.

[RIVA)] 110.0 Potsson’s ratto. .

Povarnpie tor the fist of two srovps detcrnmed by SEATA Y Do boe

\ O




E (8) ~

E(3) —

U E (2)

Stress - Ib./in

Strain - in/in.

Fronre A b Ideabized stress stram carve,




LINE 35: Material Properies (continued)

DESCRIPTION: Material physical properties as described in Figure A-12. a

EQRMAT AND EXAMELE:*

[T | - . 6 7] |

1234567890] 12345678901 12345678901 1234567890] 12345678901 1234567890 1234567890 ;
E(8) E(9) E(10) E(11) E(12) 5

58000 620010, 0.0} 0.0 ;

FIELD FORMAT CONTENTS FOR BEAM ELEMENT 1

F(8) F10.0 Second yield stress, Sy (1b/in.2).

E(9) F10.0 Second plastic modulus (Ib/in.2).

E(10) F10.0 Strain-rate coefficient = 0, no strain-rate effect considered.

E(tD) F10.0 Strain-rate exponent = 0, no strain-rate ctfect considered.

E(12) F10.0 Explicit moment curvature flag 1, use explicit moment curvature

option (plate) 0, ignored explicit moment curvature option (plate).

pxample for the st ef two gronns dowrnuncd by NOINAT D on Pine 27,

PR P A e e A T " ."




LINE 36: Beam Cross-Section Daia

DESCPRIPTION: Beam ciement cross-sectional properties as described in Figure A-13.
Repeat group 36 and 37 NSECT times, as specified on Line 27, one
sequence for cach cross section,

FORMAT ANL EXAMPLE*

1 yl 3 4 : 6 7
123456789011234567890] 1234567890[ 1234567 890] 1234567890] 1234567890 123.4-56789@:
NSEG| KLOS ABM FIXX FIYY ez

3 { 0).4347 .3028 0.1514 0.1514]
FELD FORMAT CONTENTS
NSEG I5 Number of plate seginents in beam cross section.
K108 i5 Flag for closed-wall sections

KLOS = 0: closed wall
KLGOS = 1: open wall.

ABM F10.0 Cross-section area (in.2),

FIXX 3F190.0 Cross-section moments of inertia about x, v, und 2 principal axes,
FIYY respectively (in4). The cross section for each bean element is
F1Z2Z oriented by specification of a pointer node on the y-axis in the

element data on Line 39,

CEXxample tor e rscob two ovoups decerned By NSECTE T on Lo 2
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LANE 37 Beam Cross-Section Data
DESCRIPTION Beam clement cross-sectioral divwneions as deseribed in Figure A- 13,

NOQTIES: (1Y Repeat Lies 37 NSEG + KLOS tunes, following Line 36,
(2)  Repeat the sequenve of Lines 36 and 37 NSECT times, as defined on Line 27.

FORMAT AND EXAMPL:*

[ ] i 5 4 k 1§ 7
123456 7RG T2345GTRO0 13345078601 1434567 80011234567 800] 1234567390] 12345367890
YU 70 T ] ]
[ G.( .83 0.0%2
(. 590X 0.59(x 0.085
-).834 0 5.083
0. 560 (.59} 0.083
0.5 -0 .8 34 0.083
B 0.59(, -0.59 (.08 %
0834 0.0 (0.083
05000 0.5390 0.087 )
FIELD FORMAT CONTENTS
Y 0.0 Cross-section coordivates of point ar beginning of segment I (i),
Zoh Fi0.4 (See Figure A-13a).
() F10.0 Segment ihickness for segment between points Tand T+ 1 (in.).

stocample tor the st erass section based on NSEC X and KEOS - Oon Dine 36




LAINE 38: Nodal Point Data

RESCRIPTION: Finite element node number and nodal coordinates in global system.
NOTLS: Repeat Line 38 NUMNP + NCORD times.

FORMAT AND EXAMPLE:*

i ¥l 3 4 5 q 7
1234567890]1234567890]1234567890{1234567890[1234567890| 1234567890[ 1234567890

N XC(N) YC(N) ZC(N)
1 8. -10. 0.
FIE FORMAT CONTENTS
N I5 Node number.
5X

XC(N) F10.0 X
YC(N) F10.0 Y coordinates of node point (in.).
ZC(N) F10.0 z

Boorple forthe tiest of 22 Tines: based on NUMNP - 20 and NCORDY 2 on Line 27,




LINE 39: Element Data

DESCRIPTION: Individual element property descriptions.
NOTE: Repeat Line 39 NUMEL times.

FORMAT AND EXAMPLE:*

1 g 3 7
1234567890]1234557890]1234567890(1234567860]1234567800]1234567890]1234567890
M NODE | NODE | NODE | NODE | NODE | NODE | NODE | NCDE | NODE | NODE | NODE | NODE | NODE
Olealoeolewigleoelole®el o lalay]aylas)
‘ . 21 01 000 010

FIELD FORMAT  CONTENTS FOR BEAM ELEMENT

M I5 Element number.
NCDE(1) 215 End nodes.
NODE(2)

NODE®) 215 Not used.
NODE(@4)

NODE(S) 15 Stiffness flag

NODE(5) = 0: Use plastic beam stiffness
NODE(S) = 1: Use elastic beam stiffness.

NODE(6) I5 Cross-section type. The first set of Lines 36 and 37 is assumed to
be cross-section type no. 1; the second, no. 2, etc.

NODE(®7) I5 Pointer node for orientation of initial principal beant axis y.

NODE(8) IS NODE(8) = 2 for beam element.

NODEFE(9) 15 Material type (assumes 1 if left blank).

NODE(1(0) 15 Beam-end conditions (forces), atend i, Figure A-13(b)

ABC (packed word, night justified)
A = Force release in x-direction, if 1
B = Force release in y-direction, if ]
C = Force release m z-direction, if 1.

NODEQD I3 Beam-end conditions (moments), st end 1, Figure A-13(h)
DEF (packed word, right justified)
13 = Moment reicase mn x-direction, it
- Moment release i y-direction, it |
FoooMoment release in 2 direction, of 1.

SEaanple tor the it of 27 Tes, based oo NUNMEBL 2 on bine




NODE(12) IS Beum-2nd conditions (forces), at end j, Figure A-13(b)
OPQ (packed word, right justified) O
O = Force release in x-direction, 1f 1
P = Force release in y-direction, if 1
Q = Force release in z-direction, if 1.

NODE(13) 15 Beam-end conditions (moments), at end j, Figure A-13(b)
RST (packed word, right justified)
R = Moment release in x-direction, if 1
S = Moment release in y-direction, if |
T = Moment release in z-direction, if 1.




LINE 40: Seat Pan Nodes

0 DRESCRIPTION: Nades on which seat cushion loads will be applied, and which are used to
define the seat pan outline for the occupant plots.

1 2 A 4 q 7

123456789011234567890112354567890]123456789011234567800[1234567859011.234567850
NPAN [ NPAN | NPAN | NFAN | NPAN ] NPAN § NPAN T NPAN | NPAN | NPAN | MPAN | WPAN
M 1@ | 3§ 4) {4y g 1 9 101t (2)

5 1 14 IR RS R I

NPAN 1215 Nodes on which seat cushicn loads are to be applied, input on rear
edge first, then forward edge, and from right to left, as shown in
Figure A-14.

Note that in this example node 6 is used as NPAN(2) and NPAN(S), node 14 as NPAN(4) and
NPAN(7), node 7 as NPAN(6) and NPAN(9), and node 15 as NPAN(8) and NPAN(11).




20

COLUMNS 1:5.§.6:10 4 11-15]16-20 [21:25 126:30 ta1 35 3640 Ja1.as Jse.se Jsres Jss s
LINE 40, NPAN st 6] 13 4 el vl tal 18
LINE 41, NBAK st 8l 970 131 ef 7l ast el 7l 8l 193 20
LINE 42, NLBA of 10 6 1y | 12 i

i
o]
—-
P ]
e
o

Figuee A 4 Blustragon of sest pan, nack and Loy bolt vode idemificanon

DT ke, s




LINE 41: Seat Back Nodes

DESCRIPTION Nodes on which back cushion loads are to be applied, and which are used
10 define the seat back outline for the occupant plots.

FORMAT AND EXAMPLE:

L)

1 p) 5 4 5 qa- ”
1234567850 1234567 89001 234567801} 123456 7RI 1. 4456 800153456 1RG0 1 234567890

NBAK | NBAK [NBAY. | NBZK [ THBAK [ WBAX | NJAK [NGAK. TNRAK | NEAK | NBAK | HBAK
CRIN S € 0 ) I B COUN Y ©) 0% TR T S0 .1 B C) IO 10 R IOV

4 1 18 _ 1819 ! 8 19 20
GELR FORMAT  CONTENTS
NBAK 1215 Nedes on which back cushion icads are 1o be applied, input on
Iower edge first, then top, and from right to left, as shown in Figure

f\"“ 14‘,

Note that in this example aode 6 is used as NSAKE) and NBAK(E), node 7 as NSAK(6) and
NBAK(9), etc.




LINE 42: Restraint System Anchor Point Nodes (NOCC lines)

DESCRIFTION: Nodal points on seat structure to which restraint system is attached as
shown in Figure A-14.

i Pl Ik 4 5 ¢ 7
12345673890]12345678901123456789011234567890]12345678901234557890]1234567890
NLBA | NLBA | NSHA § NSHA | NTD

3] (2) (1 (2)
10
101 1
11 12

FIELD FORMAT  CONTENTS

NiLBA 2158 Seat structare nodes at which lap belt is attached, right side first,
then left, as shown in Figure A-14. Not used if lap belt is attached
to aircraft floor rather than b the seat.

NSHA 215 Seat structure nodes at which shoulder harness Ioad 1s to be applied
{one node), or distributed (two nodes). Leave blank if shoulder
harness is not used or not atiached to seat.

NTD i5 Seat structure node at which lap belt tiedown strap ioad is to be

)
ko

applied. Leave blank if tedown strap 1s not used
Note that for this example node 10 is used as both NLBA(2) for passenger 1 anc NLBA(T) tor
passenger 2, and node 11 is used as both NLBA(2) for passenger 2 and NLBA(T) for passenger 3,
as vommon points of attachment for {ap-belts are usually found on transport seats, Also, in this
example no siiculder harness is used.




LINE 43: Node Constraint Data

DESCRIPTION: Packed {encoded) word for each nodal point that is constrained in at least
ong degree of freedom.

NOTE: (1) Repeat Line 43 NUMDS times. Omit if NUMLIS = (.
(2) If any of the displacement/rotation codes is set to 2 to enforce floor warping,
include Line 44 immediately following the corresponding Line 43 data.

FORMAT AND EX4MPLE:*

1 2 3 4 S5 [ 7
1234567890 1234567890] 12345678901 1234567890]1224567890)] 1234567890] 1234567890
NODDIS
2112001
FIELD FORMAT CONTENTS
NODDIS 110 Packed word - NABCDEF (right justified)
N = Node number
A = Displacement code in X direction
B = Displacement code in Y direction
C = Displacement code in 7. directicn
D = Rotation coae in X direction
E = Rotation code 1n Y direction
F = Rotation code in Z direction
AB C D E orF = 0, noconstraint
= 1, constraned for zcro
displacement/rotation
= 2, constrained for floor warp
displacement/rotation,
By o socoied o Tive Tines, based on NUNTEYS Poen e T and




LINE 44: Floor Warp Data

DESCRIPTION: Floor warp displaccment/rotation.
NQOTE: (1) Repeat Line 44 for each displacement/rotation code set to 2 in Line 43, in the
order from displacement in X-direction to rotation in Z-direction.
(2) Rotations are input in radians; displacements, in inches.

FORMAT AND EXAMPLE:*

1 2 3 4] 5 6 7

12345678901 12345678907 1234567890] 1234567890 1234567890] 1234567890] 1234567890
FWARP
-0.5
FIELD FORMAT CONTENTS
FWARF F10.0 Floor warp displacemeny/rotation.
SHoconple tor the thed of Bive Bines based oo NE ST Vo bone C0 ad shpiacementiotilbon
codes et o o e I
\ Nt




A3 ZECONDARY IMPACT INPUT

If coniact with the seat back is to be simulated (by IOUT(4) = 1 or 2), the following lines of input
data are required to describe the surfaces on the seat back (only with NSEAT = () on Line 3).
These lines would directly follow Line 2¢ {with the finite cicment seat model dlata omitted).

N
AN ‘




LINE 45: Seat Back Contaci Surface Dimensions

DESCRIPTION: Dimensions of contact surfaces on secd Back, as illustrated in Figure A-15,

FORMAT AND EXAMPLE:

1 2 K 4 S 6 7
1234567890} 12345678901 1234567890[ 12345678907 12345678901 1234567890 1234567850
I'TT WTT HTT ;  TAR WAR HAR XLAR

' )

FORMAT  CONTERIS

F10.0 Distance from top of seat back to top edge of stowed tray *able (in.).
F10.0 Width of tray tat  (in.).

16.6 deight of tay table (in.).

F10.0 Distance from top of seat bacl to top of armrest (in.).

10.0 Width of a-mrest (in.).

F10.9 Heighi of armirest (in.).

F10.0 Length of armrest (in.).




P A N
SR AN

o
seat huaek ©

ot suE
Eailaces




LINE 44-48: Seat Back Force-Deformatior Properties

DESCRIFTION: Force-deflection charactenistics and damping for seat back surfaces. The
pmg
force is cotaputed from deflection, §, according w 1< = CeB8 . 1),

FORMAT AND EX/ MPLE:

l i p) 3 g S & 7

1234567890} 1234567890 12345678901 12345678901 1234567 8901 1234567360 TIHS67800
CCON(L) | BCON(1) j DCON(D) . ’
CCON(2) | BCON2) | DCON(2) ) .
CCON(3) | 3CONG) | DCON(@3) , o

h - .j

FELD FORMAT CONTENTS

CCON F10.0 Coefficient C in above equation (Ib).

BCON F10.0 Coefficient B (in."1),

DCON ¥10.0 Damping coefficient at zero load (b-sec/in.).

Three lines of data are input in the 2bove format. The first (46) applies to the cushion surfaces (1,
3, and 4, in Figure A-15). The second line (47) applies to the tray table {2 in Figure A-15). The
third refers 1o the armrest surfaces (5-8 in Figure A-15).




LINE 49: Seat Back Weight and Row Pitch
DRESCRIPTION: Weight of the movable seat back for use in the breakover model, damping

coefficient for seat vack breakover, and seat row pitch.
FORMAT AND EXAMPLE:

I X i 5 q 7
1234387790 1234367800, 123456 1800 1234567890] 1234567890 1234567890 1234367890
BRKWT | DPBO | SPITCH

FIELD FORMAT  CCNTENTS
BKWT F10.0 Seat back weight (Ib).
DPRO F10.0 Damping coefficient (in.-1b-sec).

SPITCH ¥10.0 Seat row pitch (in.).




LINE 50: Seat Back Breakover Resistance "

DESCRIPTION: Seat back breakover moment versus rotatioin angle, similar to that shown in
Figure A-10.
FORMAT AND EXAMPLE:
1 2 3 5 o 7

11234567890]11234567890]1234567890] 1234567890 1339567800 1234567890)1234567890
FFBO(2) | FFBO@3) | FFBO@) | DDBCQ) | DDBOR3) | DDBO@)

FIELD FORMAT CONTENTS

FFBO(2) 3F10.0 Resisting moment of seat back (in.-1b).
FFBO(3)
FFEO(4)

DIDBO(2) 3F10.0 Angular displacement of seat back (rad.).
DIDBO(3)
DDBO(4)

ARG




APPENDIX B

EXAMPLES OF OCCUPANT CHARACTERISTICS AND MATERIAL PROPERTIES

A significant problem encountered in mathematically modeling a physical system lies in
determination of system characteristics and properties. In this appendix are presented examples of
the following:

+  QOccupant dimensions and characteristics.

«  Restraint system webbing load-elongation characteristics.
»  Cushion load-deflection characteristics.

»  Structural material stress-strain characteristics.

The characteristics and properties contained in this appendix are, of course, not intended to be ail
inclusive, but rather are intended to provide the program user with examples that may aid in setting
up new input cases.

B.1 QCCUPANT MODELING CHARACTERISTICS

As described in Chapter 2, dimensions and inertial properties for two standard occupants, a 50th-
percentile civilian male and a 50th-percentile anthropomorphic (Pari 572) dummy, are ircluded
within the program. If a nonstandard occupant is desired, additional data must be provided on
Lines 22A through 22L. The format for nonstandard occupant data is displayed in Figure B-1, and
parameters are defined on pages A-34 through A-49. In Figure B-2 are presented the properties
that are used in the program for the standard (Part 572 50th-percentile) durnmy occupant. Figure
B-3 presents a set of data for a 95th-percentile dumrmy, which have simply been scaled from the
50th-percentile data. The use of this scaling method is not suggested if measured properties can be
obtained; however, to complete a partial set of properties or obtain a quick estimate of the solution,
use of the scaling approach can be justified.

The scaling method is based on muitiplying the 50th-percentile properties by the appropriate
nondimensional scaling factor. All properties with length dimensions are multiplied by the ratio of
nonstandard occupant sitting height to 50th-percentile sitting height. In this example:

. 95th % Sitting Height _ 37 8 .
Length Factor = ~378in _ .
ength Factor = o o Sitting Hoight ~ 357 in "0

Similarly, occupant properties based on weight are scaled by the occupant weight ratio, i.e.:

At _ 1.29
50th % Weight 164 1b

The factor for scaling moments of inenia was derived from a dimens:onal analysis for the variables
involved. The resulting scaling factor i

(95th % Weight}? {95th % Sitting Height)?
(50th % Weight)? (50th % Sitting Height)’

Moment of Inertia Factor = - 1AS




Since there is no valid basis for scaling stifftnesses, the SOth-percentile spine and neck stiffness
properties were retained.

B.2 WEBBING LCAD-ELONGATION CHARACTERISTICS

Figures B-4 and B-5 preseat static ioad-elongation characteristics for several types of nylon and
polyester restraint system webbing, respectively. Very little dynamic data for webbing
deformation exist; however, Figures B-6 and B-7 present some dynamic results taken from
reference B.1.

The damping coefficients for the restraint components are based on three assumptions: that the
webbing damping coefficient is not a function of strain condition, that it is independent of strain
rate, and that the Voigt-Kelvin model (shown in Figure B-8) can be used to represent the webbing,

The first assumption allows the use of a linear approximation to the static and dynamic load-strain
curves for the webbing material. The single slope approximation should be the best estimate for
the expected range of wetbing loads, and not for the entire curve. The second assumption
indicates that the damping coefficient will be applicable to all possible strain rates encountered in
the simulation. The accuracy of the damping coefficient can be maximized by basing the calculated
value on dynamic webbing test data measured at an applicable strain rate. The procedure for
calculating the damping coefficient for nylon webbing (MIL-W-408% TYPE VII) is given below.

The static load-elongation curve for the nylon webbing sample is snhown in Figure B-9. A linear
approximation tc this curve is 11,000 1b/in./in. over the expected load range of 0 to 2000 1b. The
slope of the dynamic test data, measured at a strain rate of 40.9 in./in./sec, is approximated as
26,000 1b/in./in. Based on the assumption of a parallel spring-damper model, the dynamic ioad at
any elongation value must be equal to the static load plus the damper force, i.e.,

Poynamic = Pgratic + PoampinG

=Ke + Ct. (8-1)

Where:
K is slope of the !oad-strain curve (ibfin./in.)
C is the damping coefficient (Ib-sec/in./in.)
£ is the strain (in./in.)
£ is the strain rate (in./in./sec)

Therefore, the damsping coefficient can be calculated using

~ _ PpynaMmic- Ke
(o LRIRARIL 3 2
Iy

Using as a representative point a dyiamic lead of 2000 1 and 00825 i /ins strain, the damping
coeffictent for the nvlon webbing e caloidated as




. 20001 - (11,000 Ib/in.fin) (0.0825 in./in.)
B 40.9 in./in./sec

= 26.7 1 88¢
in/in,

B.3 CUSHION LOADR-REFLECTION-CHARACTERISTICS

The seat cushion represented in Program SOM-LA/SOM-TA accounts fer the stifiness and
damping properties of the cushion combined with the occupant buitocks. This modeling approach
is desirable in order to avoid the numerical problems associated with springs i a series
configuration. An experimeni was performed to develop load-deflection properties for
representaiive cushions. The experiment consisted of applying a known static Inad in the
downward direction to the lower torso segment of an Alderson VIP-95 dummy. This downward
load, which was applied at the spine base plate, caused both the buttocks and cushicn o deform.
The deflections of the combined system, buttocks and cushion, and the buttocks separately were
measured for each applied load.

A description of the cushions used in load-deflection tests t¢ given in Table B-1. The cushions
were selected to provide a spectrumn of the possible cushion configurations that the user may seloci,
Combired load-deflection curves for the VIP-95 buttocks and cushions are presented in Figures B-
10 through B-14. The form that the load-defiection curves take is a linear slope followed by an
exponential stiffening as the cushion and occupant "bottom out.” These curves can be
approximated by an expression of the form:

F=C(eB8-1) (B-3)

Representing the load-deflection curves with a smooth function alleviates a convergence problem
encountered previously with the numerical integravion around the slope-change points of a
piecewize, linear representation. The exponential representation of the five load-deflection curves,
developed with a least-squares approximation mulinc,, is presented as the dashed line i1 each
figure. Alco presented in this section are the separate load-deflection curves (Figure B-15) for the
Alderson ViP-95 dummy buttocks when tested with each of the five cushion types. This is
presented for the user who may wait to svnthesize a combined load-deflection curve by addin g the
desired cushion properties determined under a rigid indenter to an average defiection corve for the
dummy buttocks. The indenter should be configruad like the dummy.

B4 STRUCTURAL MATERIAL STRESS-STRAIN CURVES

Figures B-16 through B-20 present approximated siress-saain curves for three steels and two
aluminurn alloys. From each of these nurves, six characrernistics are provided as input o the finite
element seat e




Y RLEB-L TYPE DESIGNATION AND DESCRIPTION OF CUSHIONS FOR
LOQALD-DEFLECTION CURVES ,

Type
Mamier Diesgription .
1 Contourea, rauitlayered cushion desigoed 1o minimize occupant rebound 1a & crash
situation,
2 Contoured, rigid foam cushion designed for negligible deflection.
3 Contoured furuiture fowmn cushion approxunately 1.5 in. thick (undetormed) over
butiock contact area.
4 Furniture foam slab, 1.2 1b/ft3 density, approximately 3.0 in. thick (undeformed).
b Furniture foam slab, 1.4 1b/ft3 density, approximately 3.0 in. thick (undeformed).

B.5 KEFERENCES

B.1. G. Kourouklis, JL. Glancy, and $.P. Desjardins, The Design, Development, and Testing
of an Aircraft Restraint Systean for Anmy Adrcraft, USAAMRDL Technical Report 72-26, Eustis
Direcrorate, U.S. Amny Air Mobility Research and Developineni Labhoratory, Fort Eustis, Virginia,
Jane 1971, AD 746631.
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Froure B30 Dyata tor 95t porcennic dumy

1 3] 4 3 & 7
123456789011234567800] 1234567890]1234567890{ 12345678501 12345678901 1234567890
SPL XL(3) XL.(4) XL(5) XLE® X1-09)
RAO) RHO®) RHO®G) REO®@) RHOG) | REGE) RHOO)
SW(1) SW(Q2) SW(3) SW) SW&) SW®) SW\9)
CIX(D) CIX(2) CIX(3) CIX(4) CIX(5) CiX(8) "CIX(9)
CIY(D CIY(2) CY(D) CIY(4) CIY(5) CIY®) CIY(9)
CIZ(1) CIZ(2) CIZ(3) CIZ(4) C7Z(5) CIZ(8) Clz(9)
XR(D XR(2) XR(3) XR(4) XR(5) XR(8) XRI9)
XR(12) XR(14) XR({16) XR(18) XR(20) XR(22)
XLH XLS EM() EM®2) EMQ®)
CABD BABD CCHE BCHE
CAXS BAXS DMFS CAXN BRAXN DMPN
TCROT() | BROT(D X71(1) CROT?2) | BROT( XI(2)
Figure B-1. Nonstar.dard occupant data format.
10.85 8.35 11. 13.3 16.5 18.0
4.87 6.55 6.3 4.7 6.2 8.35 10.96
34.69 36. 12.1 4.85 4.85 21. 0.4
337 218 0.275 0.132] 0.01 0.127 0.994
n.760 0.92 0.266 0.135 0.185 1.2 0.994
237 1.70 0233 0.022 0.195 0.873 0.505
430} 4735 3.4 1.9% 1.85 3.10 2.300
230 1.6 3.56 2.61 .85 .34
I X 6.3 0.20 020 200
' 2000 0.05 2000. 0.380
T TTR000 238 i 3240, 0270 0
A 1°49 730. 373, 49 30,
Figure B-2. Data for 53th-percentile standard dummy.
{1.508 3.8 11.98 14.103 37,400 1908 i
S 694 671 50 653 R 152
o 3476 46.4 15.6 6.26 020 280 127
33 319 0.35% 0.101 0.07% 0144 144
1.1 1.34 0.384 0.166 0.268 [ 44
136 2.4 (1. 338 0030 {787 (B .73
477 377 1489 3 TO8 T30 A
2.44 1.70 37 277 I L
- 3162 6.7 021 0.21 O .
"""" 2000 {1.050 20000 0. 3R
6000 0330 P LRRT) ) S
e




- UIDIM Ui g ' LB1 SINLH SANDWOINY DIBDUYIDS am em o .
WIDIA UL 5712 HAX X BGAL 8005 FA- TN —— — — =

~ VLSBT X U E KBS BB0P AR NIV e -

1

{ i i i i ! i ; ] i ; 3 3 ]

A5G
W

ql - prOTY

RN o,




‘urgqam 19159410d 107 SONISIZNORIBYD UOLZFUC]2-pROTY ¢-g cinfig

yueoied - uoiiebuojg

k|

LR

T

Ve UICBOT X ULE A BOAL 19SS M-I

7/ UEOL0T X U p/E-1 i 8dAL LBsGZ M-
/ W Gp( XU 2 {d X 0021) €021 Buiaesa uisyinog
UGPOT X Ul ¥/1-2 CAVIXXXX-H-UW BEL X %300 INW

W00 X W p/e L i 8dAL 19EST-M TN

O
[

[Sn]

<y

Yy

Wy

)

o

Rel

K} - p[EOTY




Failure 0
6000 <\ ;

i / * 5550 B
5000 Dynamic / -

i

8 4000 | -
h o] - -
[~ ]
e
L. -
2 3000
L0
£22 I~ -
2
2006 I -
1000 - -
0 ®
9 30

Elongation - percent

gare B oo Load strain curves for MEL-W-3088 (Tvpe vVID
nylor webbing for static and rapid foading
rates (Ffrom reference B-1).




7250 .

7 - / -
000 l \\ \

{ | Failure

o I i,

P
6000 |~ / 6100 -
/

- Dynamic / -
A\v/

50090 |- / -
/

/
/

g /
U 4000 - I/ -
2 /
u ¥
E = ! —
e !
< / /
T 3000 | / -
/
. / - Static B
/

2000 }- / ' -
o/
/ ‘
i/
1000 / i

!
)
/, 7
{/ .
0 Z 1 I
0 5 10 15

Elongation - percent

Figure B-7. Load stragn cuvves Yor MEL WS 28361 (Tvpe TD
polyester webbing for state and rapid losdhing

rites (rom retorence By




K (Ibfin.in.)

C (ib-sec/in./in.)
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K < Lt ¢

“izure B-8. Voigi-Kelvin model of restrain + system webbing,
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Fipure B-15. Load-deflection curves for Alderson
VIP-G5 dommy pelvis and buttocks
tested with five different cushions,




Approximare Material Properiies

Modulus of ciwmny F(2) = 3y 10°

First yield stress, (3 .‘58, 700 psi

First plastic modulus, ff..w‘, =29 % 10° psi
Ultimate stress, E(6) = 67,000 psy

Second yield strms, E(8) = 62,500 psi
Second plastic modulus, E(9) = 75,000 psi
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Approximate Material Properties

Modulus of elasticity, BE(2) = 29.1 x 10 & psi
First yield stress, E(3) = 160,000 psi

First plastic modulus, E{4) = 7.8 x 10 6 psi
Ultimate stress, E(6) = 180,000 psi

Second yield stress, E(8) = 170,000 psi
Second plastic modalus, E(9) = 885 x 10 7 psi
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Figure B-18. Typicel tensile stress-strain curve for AIST 4340 steel,
heat rreated to T8O ks uitimaie stress and pircowise,

feenr approximation 1o curve
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Approximate Matenial Properties

Modulus of elasticity, E(2) = 10.5 x 10 ¢ psi
First yield stress, E(3) = 44,000 psi

First plastic modulus, E(4) =4.9x 10 s psi
Ultimate stress, £{6) = 62,000 psi

Secoud yield stress, E(R) = 58,000 psi
Second plastic modulus, E(9) = 6.2 x 10 4 psi

Strain - perceni

Frgure B-19 Typical tensile stress stnnn curve for
2024 T3 abumy um alloy and precewise,
fnear approxi nation to curve.
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Approximate Material Properties

Modulus of elasticity, E(2) = 9.9 x 10 ° psi
First yield stress, E(3) = 36,200 psi

First plastic modulus, E(4) = 1.1 x 10 3 psi
Ultimate stress, E(6) = 42,000 psi

Second yield stress, E(8) = 40,200 psi
Second plastic modulus, E(9) = 3.0x 10 4 psi
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APPENDIX C

PROGRAM STRUCTURE

The overall orgarization of Program SOM-LA/SUM-TA ie illustrzted in Figme C-1. The main
progrann contrei: the overall solution procedare by calling two individual sets of subroutines, ong
for the occupant segmients of the program, and the other for the sear segment of the program.
Detailed descriptions of the occupant subroutires are presented in Section C i, and the seat
subroutines, in Section C.2.

At the siart of execution, the main program calls subrouitne INPT to read input data for the
nccapant mode! and subroutine READIN for seat input data. Subroutines CONST and UNITIL
alculate constants and determine initial values of generalized coordinates for the occugant, and
subrcutine ASSBLE performs preliminary calculations for the sear model. Then, a soluton loop is
entesed at initial titne and passed through for each time step. During wach pass through the colution
loop, subroutine RKAM advances the solution for the occupant equations of motion ong time step
and provides forces to be applied to the seat model by the occupant. After the cali 1o RKAM, 1f the
finite element seat model is being used, subroutine SOLVE advences the sclution by the seat
structural analysis to the same point in time that has been attained by RKAM. At time intervals
relected by user input, subroutine ANSWER stores, in arrays, user-selected iterns of output data.
Daw for po. t-processing plot programs are written oa external files 14 and 20 for the occupant and
scat, respectively. Addiuonali data are written on unit 26, as described iu Section 3.4, These files
must be saved if plots are desired.

C.1 OCCUPANT SUBROQUTINE DESCRIPTIONS

The relationship among the subroutines n the occupant segroent of the program is illustrated in
Figure C-2. Indiv’dual subroutines are described beiow.

C.i.1 Subreunne AMATRX. Called by EQUATE, calealates elements of the inertia matrix {A]
for the three-dimensional occupant model.

C.1.2 Subroutine AMATX2. Called by EQUAT?; calculates elements of the inertia matrix for the
plane-metion cecupant mocel.

C.1.3 Subrouiips ANSWIUR. Called by MAIN: calculates accelerations AC(L, J) of body
segmens in the iaertial coordinate sysiem and iransform the accelerations to segment -fixed
coordinate systoms Calosiates severity indices and organizes position, velocity, and force data for
catput. Writes plot data oo units 14 and 26, I dam filtering is requested by user input, ANSWER
wiiies occupant accelerabons on unit 3 and sear secelerations on unit 10 for subsequent filtering by
sabrottize QUTPT  Adso called by FQUATE, EQVAT2, FOBODY, LINVAFE, or SOLVE in the
event of abnormal terrmnaton.

U4 gubreuine ARCRET Catied inmiadly Ly INPT, then by POSTON; calculates current
ke rstion comipoments ot the aircraft floor (ACCUN T = 1, 3) based en input aceeleration pulses.
grales peeeismiion i determins velooty (inarreralt coordinate system) and displacement ¢n
e ks grdater thaty the pipat puoise dusadion, aceeleration is setto zero, so

N ek b o . %
sesrind systcing, W

thad velucity then e

frn onasiant,
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LS Subrouting AUXSURB. Called by SKAM {also initially by MAIN); calculates dertratives
aid forms two 1 x 2N arays of vaci iables and duvivatives:

Vit = QM DERCD = QDY
Y{N) = QN DER(N) = QUaN}
V{N+1) = QDiL) DER(N+DY = QDO
V{(ZN} = (SD(N) DER(2N) = QDB

where N is the nomber of degrees of freedom, either 12 for the plane-motion model or 29 for the
three-dimensional model.  Vhe velocity and accelerstion of the DRI mode: are assigned to
DER(2N+1) and DER(2N+7), respectively. If the tw-degree-of-freedom energy-absorbing seat
model is used, its velocities and accelerations are assigned (o0 DER(IN+3; through DELR(N+6).

EQUATE is cailed to provide valves of the derivatives (the goreralized velocities, QD(J), and
accelerations, D)), RICAM then integrates the two sysiemss of ficst-order equations.

o

C.1.6 yuproutine BMATRE. Celled by LOQUATE; calculates elements ¢ velocity-dependent
vector { B for the three dimensional model,

C.1.7 Subroutine BMATX2. Called by EQUAT?; caloriates elemenis of vector {B] for the
plane-motion model.

C.1.8 Subroptine BRUCKLE. Called by FURCES; dewrmines posidon of the pmm of intersection
between abdoniinal contecr sorface and thigh contast surfaces (projected on X-2 plane).

C.1.9 Subroniine CABIN. Called by INPT, computes coordina’es for the im‘.;.,e of the seat in
front of that being modeled. FThese coordinates are then avam\’ﬂ«, for use by ihie passenger plot
program. If seat back breakover is being modeled, CARIN @ clled Ly ADXSUB to compute

derivatives for seat back motion,

C.LI0 Subpousins CONNT. Called by INPT, once o wach passenger; based o input data,
calculates values of parameters ihat ceniain eonstant throughow progaam erecction. These
constants include funcrions of occupant dimensiors wsed in the equations Hf monen and jolm
FESISIANCE DArAMEters.

CONST also writes occupant dirensions on untt T4 fur ndoating
LT S, B0 a by AUXNSUR for the xhee disne neanal occupans, nses the

wtest vatues of genevdized coordinatos and veloctioy o cale WOl (ot i QCUHPI Cnar oy of
raotion, Solves equations of moteen o aeeciersiens (U

VL RMATRY  and QVUATRN [ eibne epohe cgueiions of

Calls AMATEX

1S
P NS P NS B T TP
snatron kg cadis DEMY 3 v ey salunon




Ci2 ﬁl;hj;gmj:ng _ﬁfﬂ;{_ﬁ,ﬁm. Called by AUXSUB for the plal"-c--mmion OCCUPANL, Uses la"rcsz
values of generalized cooniinates and velocities to calculate terms in occupant eguations of motion.
Solves equations of motion for cocelecaiions QDDA

Calls AMATX2, BMATX2, VMATX2, RMATX2, ond QMATX?2 in setting up the equations of
motion and calls 1.LINV3F for their solution. \

€113 Sobreating FBELAS. Called by FORCES to compute restraint system forces.

C.2. 14 Spbronting FCUSHN. Called by FORCES to compute scac cushicn forces. The cushion
torces include frictional components whose dire ctions oppose the current velocity of the ocoupant
with respect to the custion.

C.1.13 Subreutine TOBODY. Calied by FORCES if IRSYS = 0 for lap belt oaly; checks for
head/leg and chest/leg contact. If contact occurs, the force is calculated based on ar exponential
function. The components of the force are then added to the F array already computed by
FORCES.

C.1.16 Subrouting FORCES. Called by QMATRX or QMATX2; calls FBELTS, FCUSHN, and
FCBCDY to compuic externai foices, calculates forces exerted on the occupant by the floor. Sums
forces and transforms them to inertial courdinate systc ~ for equations of motion.

The forces are placed in an arrav (F(I, J),I= 1, 11, J = 1, 3) for use in QMATRX or QMATX?2.

If the iwo-degree-of-ficedom energy-absorbing seat model is usead, the ransiational and rotational
acceleradons are calculiated.

C.1.17 Subrcutins IMPACT. Called by FORCES; computes the point of closest proximity
between cach contact surface on the occupant and the seat in front. DELIMFEF(N,]) is the
peaetration of occupant surface ™ into surface ¥ on the seat back in front. If DELIMP(N,J) 2 0 the
irnpact velocity VELIMP(N,J]) is calculated. Calculates forces due 10 seat back contact.

C.1.18 Suhrouting INITY, Called by MAIN, once for each passenger; calculates initial values of
the generalized coordinates and velocities for the occupant and the initial deflections of the seat.
INTTIL first uses input values of GAM(J) to determine the angular position of the body segments 1
through 7. Beased on the air raft orientaticn, the occupant's weight v appiied w the seat and
restraint system, and the position of the lower torso segmeat (Xl’ Y}, 21) s determined. From
the X and Z coordinates of segment 1 (computed here) and of the occupent's heels (from INPT)
the position of the leg segments is calculated.  Throughout these compuiaiions, the body is
assumiest 1o be symmetric with respect to the arrcratt (X-4) plane.

If the seat 15 iatially warped so thar the seat back angle is changed, the values of GAM(1),
GAM(2), and GAM3) are adjusted accordingly

In the event that the input inital conditionns impaose unreasonable regquirements on occupant
geometry, a dingnosne message s provided and execation is stopped.

"o Called by BEAIN, reads occupat input dats Detailed descriptions of
hapter 2 and Appendix A

LY Subrout
put we presented

m O

CoL20 Subrounne JOINTS Cuiled by RMATRY or KMA TN {ioy o cubic carve imte the
tansition region of e xant stopping movwni,




C.L21 Subroutiug LIXEN. Called by FBELTS and by FORCES; uses linear interpolation in a
table of force (Y} versus deflection (X) values. A description of the parameters in the calling

sequence follows:

X A table of the independent variable, x;, such that x4+ 2 x; (if ICHK = 0).

Y The table of the dependent variable, y; = y(x;) (if ICHK =0).

N The nuraber of entries in each of the above tables; i = 1,...N.

XA The indeperndent variable, x, for which interpolation is requested.

XLAST Previous values of XA and YA.

YLAST

ICHK Index which is O or 1 depending on cail during loading or unloading.

XCURY Point on loading curve from which unloading started.

YCURYV

C Unloading slope, used only if IUNLD = 2.

YA The dependent variable, y = y(x), being determined.

TUNLD Index which is 2 if unloading slope, C, is to be used, ! if unloading
procecds along basic loading function.

C.1.22 Subroutive LINV3E. Called by EQUATE and EQUAT?2; performs linear equation
solution:

A Input/output matrix of dimensions N x N. Sce parameter [JOB.

B Input/cutput vector of length N. On input, B contains the right-hand side of
the equation AX = B. On output, the solution X replaces B.

o8 Input option parameter. IJOB =2 implies solve the equation AX=B. A is
replaced by the LU decomposition of 2 rowwise permutation of A, where U
is upper triangular and L is lower trianguiar with unit diagonal. The unit
diagonal of 1. is not stored.

N Order of A. (input).

1A Row dimension of A as specified in the calling program. IA must be greater
than or equal to N. (input).

Di,D2 If D1 is non-negative on input, then D1 and D2 will be components of the
determinant on output such that determinant (A) = D1*24¥*)2.

WKARBA Work area of length at least N when [JOB = 2,

iER Frror parameter. Terminad error = 1284+N, whereN - 2 indiciates that nunrix

Aty alporithnueally singutar,




C.1.23 Subrouting LUDATE. Called by LINV3F; performs L-U decomposition by the Crout
aigorithm with optional accuracy test.

A
LU

N

IDGT

D1

IPVT
EQUIL

WA
IER

Input matrix of dimension N x N containing the matrix to be decomposed.

Real output matrix of dimension N x N containing the L-U decomposition
of a rowwise permutation of the input matrix.

Input scalar containing the order of the matrix A.

Input scalar containing the row dimension of matrices A and LU in the
calling program.

Input option.
It IDGT is greater than zero, the non-zero elements of A are
assumed to be correct to IDGT decimal places. LUDATF pertorms
an accuracy test to deterrnine if the computed decomposition is the
exact decomposition of a matrix which differs from the given one by
less than its uncertainty.

If IDGT is equal to zero, the accuracy test is bypassed.

Output scalar containing one of the two components of the determinant. See
description of parameter D2, below.

Qutput scalar containing one of the two components of the determinant.
The determinant may be evaluated as (D1) (2**D2).

Cutput vector of length N containing the permutation indices.

Output vector of length N containing reciprocals of the absolute values of
the largest (in absolute value) element in each row.

Accuracy test parameter, output only if IDGT is greater than zero.

Error parameter.
Terminal error = 128+N.
N =1 indicates that matrix A is algorithmicaily singular.
Warning error = 32+N.
N =2 indicates that the accuracy test failed. The computed
solution may be in error by more than can be accoun;ed for
by the uncertainty of the data. This warning can be
produced only if IDGT is greater than (0 on input.

C.1.24 Subroutine LUELME. Called by LINV3F, performs the elimination part of the solution of
AX =B, in full-storage mode.

A

B

The result, LU, compured in the subroutine LUDATE, where L s a lower
triangular matrix with ones or the main dragonal. U iy upper tiangular. 1.
and U are stored as a sinple matrix A, and the unit diagonal of 115 not
stored.

B s a vector of lerpth N oon the right hand side of the equation AX = B




IPVY The permtation ramiy returned {rom the subrouting LUDATE, stored as an
N-iength vector.

N Order of A and nuenber of rows in B,
1A Number of rows tn the dimension statemoent for A in the calling program.
X The result X,

C.1.25 Subreutine QUTPT. Called by MAIN; writes output data, along with headings, on the
output file. The parameter FOUT(J) from input determines whether the output file receives data of
Type J. For example, ouiput category No. 1 is occupant segment position information. If
IOUT(1) = 1, these data go 1o output; if IOUT(!) = 0, they do not. Also performs filtering of
acceleration data if requested in input. Called by EQUATE, EQUATZ2, FOBODY, or SOLVE iv
the event of abnormal termination.

C.1.26 Subroutine PLOTY. Talled by QUTPT; provides printer plots for up to three dependent,
continuous, single-valued functions (Y1, Y2, Y3) against an even-incremental independent

variable (X).
M The number of dependent variables (1, 2. or 3).
NP The number of points to be plotted for each dependent variable.
The independent variable.
Y1 ‘The dependent variables.
g ®
Y3

C.1.27 Subroutipe POSTON Called by QMATRX or QMATX?2; uses equations of the form

3l

to compute absolute positions of 29 points on body (XC, YC, ZC). Computes positions of the
same 29 points in aircraft coordinate system (XCA, YCA, ZCA). Calculates velocities (XCDA,
YCDA, ZCDA) for output and for use in velocity-dependent form computation,

C.1.28 Subroutine OMATRX. Called by EQUATE for the three-dimensional mode!; calculates
elements of generalized force vector {Qp). Calls FORCES for computation of externai forces
acting on occupant.

C.1.29 Subroutine QMATX2. Called by LQUAT2 for the plane-motion model; calculates
elements of generalized force vector {Q}. Calls FORCES for computation of external forces
acting on occupant.

130 Subrounune KESTRT. Called by MAIN at input-specitiod interved . to generate data files
on unit 25 for resiarting soiution at timie Jater than zeros Called by INTEHL when solution iy
restaried to reae data previousty stored on anit 25




C.1.30 Subroutineg BREAM. Called by MAIN; solves & set of N simultaneous, first-order,
ondinary differential equations. Because of the importance of the integration scheme  me success
of any dynamic analysis program, a detailed discussinn of the method is provided aloug with the
description of the FORTRAN submutine.

Methed - The user is allowed an option of using either the Runge-Kutta classical fourth-order
method or the Adams-Moulton predictor-corrector method using the Runge Kytta method for
starting the precess.

The system of equations to be solved is:

yi' = 606 Y1, yae. Y
i=12..,N (C.1)

Yi(Xy) = Yio

Let yin be the value of y; at x = x, and fj, the derivative of y; at x = xp, and let h be the increment
(step size) of the independent variable x. The classical Runge-Kutia fourth-order method uses the
formulas

ki1 = hfi(xn, Yin),

ki2 = hfi(xa + 12 b, yin + V2 kin),

ki3 = hfi(xn + 12 b, yin + 2 kin), (€2
kig := hfi(xn + H, yin + ki3),
Yine1 = yn + Ve (kin + 2kiz + 2ki3 + kig)

The normai option is to continue the integration with Adams-Moulton predictor-corrector formulas

once enough back values have been generated by the Runge-Kutta method.

The: Adams-Moulton predictor-corrector foraulas for the systemn (€U 1) are

(») — h . 5OF + ATt S0 )
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The cormetor fornmula {C.4) is applied oniy once per s Step 30 U hav oaly cwo derivative evalnations
are needed for each Adams-Maouiton mtegration stey. The statting valees needed in (O3} are
initially obtained using the Runge-Rutta method,

The Adams-Mouhon method meay be used with elther a fixed step size or a variable st stze. The
step size to be used in the var table mode is determined from the difference between ths pradigied
and corrected values. The insegration step size is thus controlied dynamically betsween prescribed
error bounds so that execuion speed and accuracy can be optirmzed.

Kestrictions - An auxiliary voutine must be provided for evaluation of the fimss-ovder derivarives.
{See AUXSUB under Calling Sequence.)

Initial conditions for both variabies and derivatives st be stomd in their respeciive locations prior
to entering RKAM.

Caling Sequence

XDp = X, the independent vanavle

HDP = h, the integration step size

VAR = N-dimensional vector of dependent variables (yy, 2, ¥a)

DER = N-dimensional vector of derivatives (yy', ¥2'5--¥n")

AUXSUB = Name of the auxiliary routine that computes derivatives and stcres

them in DER(1) to DER(N}). The main program, which calls
RKAM, must contain an EXTERMAL statement. No items are
allowed in the calling sequence.

N = Number of equations
orT = Option indicator, zero for AM, non-zere for RK only
EU = N-dirnensional vector of upper bounds from main program
(3 =z N-dimensional vector of Jower hounds fron, reain program
HMAXK = Absolute value ¢f maximum aliowable step sire
HMIN = Absolute value of mintmum allowable step size (HMIN > ()
HONT = Internal counter, set o zero minally i MAIN
THMES : A two-dimeprsional, (YN) storaee regicn. TEMP (LD, T = | N
mwst be set o zero nitially or when restaring
N i ; fpdecof the cquation that ceased bolving when step sice his heen
e (‘ g d
VAR P and ;sl! shoy Tovacors retered e both ibe o proeoamy and Ui aostarny
e T Fossnnoed m CONNON stnements O the stop see weie o he chanped oursedy
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Funetional Dessription - The sabroutine employs the fourth-order Adams-Moulten predictor-
carrector veaihiod psing the classical fourth-order Runge-Kutta method to obtain starting values.

AM has the following advantages with respect to RK:

1. Only balf as many derivative evalaations per integration step are required to
attain the same order of accuracy.

2. The local truncation error mav be estivvated at the conciusion of each
integration step thershy providing a meanus for stxp size control.

For each variable, the tocal truncation error is approximately one-fourteenth the difference hetween
the predicied and correcied values, fhat is

=LA AP
€ 141}’1 y(l§ (°.5)

In RKAM, the differences D; = Ey(ic’- i) are formed and compared with pesitive nuimbers EU;
end EL;. If D; 2 BU; for any i, the sicp size is halved provided /2! 2 HMIN. If D; < EL; for all i
and for three successive steps, the step size 1s doubied provided i2hl € HMAX. (Note that h inay
be held fixed either by setting HMIN = HMAX or by making EU; and EL; prohibitively large and
stnall, respectively.) If halving s called for during the first AM step follovsing the three initial RK
steps, the step size is halved, the independeni variable is set back to its initial value, and the three
RK steps are repeated. This will continue unti! the first AM step s successfully taken. From this
point on, halving is effected by interpolation of past data whereas doubling is accomplished by
aliernate selection of past data.

In selecting EU and EL, one should note the followirg:

1. The test is an absolute iest. To control relative error EU; and EL; should be
computed as functions of v prior to each integration step.

2. Althongh the local truncation error in yj is not allowed to exceed EUj, this
does not imply that the cumulative error will not exceed FUy. Therefore,
EU; and ELi should depend upon the maxirnum allowable cumulative error
and the sumbey of integation steps.

3. Since doubling b will inultply the trancation error by a fuctor of 25, EL;
shauld be chosea less than EU/A2 if the advamages of Joubling are not 1o
be short-lived,

C.1.32 Subrowtine EMATR2Z. Calied by EQUATIE for the three-dimensional meodel, calculates
elerients of joint reststance vector (R ) Input parameter IMAN determimes whether human (IMAN
= ordummy MAN = Ty adet is used.

CLA Supbrowting, BMATLNL Callea by BOUAY?
clements of joint ressstanee viector {R

LA Sl

S Cudfod by INPE reads mput date reguired Yor nigid sear saoded and

e e o e




C.1.35 Subrouting YMATRX. Called by EQUATE tor the three-dimenstonal model; caiculates
elements of force vector {Fp} derived from system potential energy.

C.1.36 Subrouting YMATXZ2. Called by EQUAT?2 for the plane-motion raodel; calculates
elements of force vector {1} derived from system potential energy.

C.2 SEAT SUBROUTINE DESCRIPTIONS

The relationships among the subroutines in the scat segment of the program ave illustrated in Figun:
C-3. Individual subroutines are descr:bed below.

2.1 Subrouting ASSBLE. Called by MAIN; initializes the elemeni data storage. The mass
mamx and the initial transformations By, for the nodal coordinate systems are assembled, and the

initia! values of the pointing vectors &, 1y, and é and the normal componenss of the rigid links A are
generated.

C.2.2 Subroutinge ASSMBL. Called by PLSTF and BMSTF; assembles the master stiffness
matrix in a banded symmetric form. This subroutine calls subroutine KA, which adds a
particular element of the square element stiffuess matrix to the banded master stiffness matrix.

C.2.3 Subroutine BASME. Called by ASSBLE; forms the initial element coordinate system E for
beam and spring elements.

C.2.4 Subroutine BFRCIN. Called by FRCIN; calculates the beam and spring element
deformations and nodal forces in the element coordinate system. Performs the operations
associated with the master-slave relations and transforms the forces to the nodal coordinate system.

C.2.5 Subroutine BGEOM. Called by READIN, reads the data describing the cross-section
properties of beams and springs. Generates certain additional data, such as segment lengths and
torsional constants.

C.2.6 Subrouting BMEND. Called by BMSTF; calculates the reduced stiffness matrix due to
axial force, shear, and moment discontinuities.

C.2.7 Subrouting BMSTT. Called by SOLVE; calculates bean er spring element stiffuess mutrix.
The principal subroutines catied include BMSTFE1 for elastic material, BMSTF?2 for inelasiic
mater:al, BMEND for the mxxdit cation of the stiffness due to special end conditions, and ASSMBL
for assembly of element stiffness.

C.2.8 Subrouting BMSTEL Called by BMSTE; calculates the etsstic stiffness matrix for a beam
or spring elen~=nt.

C.2.9 Subrouune BMSTE2  Called by BMSTE, calculites the tangential stif fmess matrix for g
beam or spnng element.

C210 Subrouting BOUND. Called by SOLVE; applics the specificd boandary conditions o the
assembled master stffness matrix,

Uity subroutine; calculutes the cross prndact Gf two nitrices.

H

CCalbed by ERPTNTE contauns phve bending e vature tables
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C.2.13 Subrouting CURVAT. Called by TFRCIN; provides ulgebraic expressions for curvature
components at the midpoints of the three sides of the plate elemenis o5 funciions of the nodal
rotations.

C.2.14 Subroutine DECOD. Utility suvroutine, decudes a packed word.
C.2.15 Subroutine DGMPRD. Double precision versior: of GMPRD.

C.2.16 Subrouting DGTPRD. Double nrecision version of GTPRD.

2.17 Subroutine EPTSTE. Called by PLSTF; calculates plate elemen: stiffness matrix. This
subreutine calls TRIANG for the in-plane strain-displacement relationship, CRVTRL for
curvature, and FORMK for calculation of appropriate elements in the stiffness matrix.

(.2.18 Subroutine F7OG. Called by BMSTFE and PLSTF, transforms appropriate variables from
the element coordinate system to the global coordinate system.

C.2.19 Subrouting FORMK. Called by EPISTF; calculates the products of three different
matrices.

20 Subrouting FRCIN. Called by SOLVE; caleaiates internal nodal forces. The program
updates the nodal coordinate transformations B, and calls subroutines THRCIN for plate forces and

BFRCIN for beam {orces.

C.2.21 S_nbmuﬁngmﬁﬁfl‘ Called by SOLVE; calculates the axternal forces including reswraint
system forces and forces exerted by the muxp‘mh on the seat pan an i seat back.

C.2.2%_ Subroutine FWARR’. Called by SOLVIE maodifies forces to account for specified {loor
warm displacements and rotations.

2.23 Subroutine GENEBM. Called by LOCEFRC, aumerically integrates stresses over the cross
section of the beam to obtain internal forces and masnments.

C.224 Subrouting GUNFOL/QENEFQZ. Calicd by TFRCIN; compites moments and forces at a

cross section of an clastic-piastic plate (with/without) integrating throngh the thickaess,
C.225 Subrowine OMPRE. Uulity stthrostine: serforms general matrix avaltiphication

.2.26 Subroutine GTPRD. Unitity subroutine: caleulues the pronfuct of the rranspose of @ matriy
with another matrix.

C2.27 Subpouting KADRLD. Callect by ASSMBILL addy a partcubo element of the square matnix o
the banded matnx.

C 2 2% Subrouniue TOCERC. Called by BEROCTN, caleutaies mudplane strasns, curvatures, nesdal
forces, and moments e beam eloment coordmate svaienn Blonsaton and nodad forces ore sl
catcntsied tor the spring in the element coordinare sesweo,

C 2200 Subrowune LOCSB Called by BRMSTE BOUND, and K \!‘i.» compuics e loxnrion ot a
patircular element of @ square matrs svhen aese bled it the Daded svimmetie fom




C.2.30 Sabrogting MCHB. Caded by SOLVE; solves the linear system of equations K x = F for
X (usplawmmns} The master stiffness matrix K is assumed to be symmetric positive definite and
stored in the compressed form, that is, main diagonal and upper codiagonals rowwise in
suceessive storage locations. F s the applied force vector. This is a two-step equation solver that
uses Cholesky's method. In the first step the master stiffness mairix K is factored into an upper
diagonal matrix U and a lower diagonal matrix L.

K=LYU (C.6)

and iet Ux=v (C.7)
so that the linear system of equations K<=Fis equivalent to
Lv=F (C.8)

In the second step, equation (C.8) is solved by forward reduction for v and finally equation (C.7)
is solved for x by back substituting for v.

C.2.31 Subroutings MISESI/MISES2. Called by TFRCIN; computes biaxial elastic-plastic
stress-strain relations using Yon Mises yield criterion.

(.2.3. Subrouting NODALF. Called by TFRCIN; calculates nodal forces and imoments for the
plate element.

C.2.33 Subrouting NYOG. Called PLSTF; transforms appropriate variables from the global
coordinate system to the nodal coordinate system.

2.34 Subrouting QUTPTS. Called by SOLVE; organizes and tabulates outpui for those
quantitiecs selected for output. Deformed seat maodel plot data are writien onto file 20 at user-
selected times.

(C.2.35 Subrouping PLYTE. Called by SOLVE; calls EPTSTF to form the plate element stifiness
mmnx and then uses ASSMBI. to assemble the Llemcm stiffuess.

(.2.36 Subrouting READIN. Culled by MAIN; reads all input data and, if required, initializes the
data files. Undeformed seat moxdel data and model parameters are written onto file 201 requested

(.2.37 Subrouting SOLVE. Called by MAIN; pertorms the main solution procedure. The
principal subroutines caited are BMSTE for beam or spring stiftness, PLSTYE for plate stiftness,
FREEID for applied forces, MCHB for the solutor of displacements, and OUTPTS for printed
output and plot of selected parameters,

C.2.38 Subrougine SPRING. Called from LOCREC, caleuiates the element forces for 4 spring,
clement.

(239 Spbroutine. STRES . Called fram GENERNM and SPRINGE provedes s aiconthm fo
nnnaa i stess strain relationship,

CA0 Subrounng TANME S Called trors ASSBE R calovhe s e conteh aons 1o e lumped
mass matnx hoy phte elemen borms the il clement cosndinace syatom Bofor the phae
clements,




PEASIEN LR AT s EIR] Il e WA I O I P SN T e K P BTG P Fo TN HA Wl T ST o

2.2.41 Subronting TERCIN. Called frone FROIN, calenlates plae eterment detfermationy ant

forces in the element coordinate system. The fore g are then fransfoimed 10 the vedal coogiang:
system.

C242 8 ling TRIANG. Called from EFTSEFT; comaing atgebraic oxnwsssions of e strain.
" - &

displacement relationship for a plate element.

C.2.42 Subroutine YECTRI. Called from TFRCIN; calculates the deformed Jengihy of plate
clement gides.

C.2.44 Snbrovpng YECTR2. Called by TFRCIN; determines the compotents of a vector nonmai
o a reference sorlfice.




APPENDIX D

LISTING OF OUTPUT FROM SAMPLE CASE NO. 1
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